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PREFACE. 


^W^HEN  the  remarkable  phenomenon  of  the 
charged  phial  was  difcovered  by  Cuneus, 
Mufchenbroek,  and  other  philofophers  of 
Ley  den*,  no  plaufible  theory  was  advanced 
for  its  explanation  previous  to  Dr.  Franklin. 
From  fome  experiments  he  was  induced  to 
fuppofe  that  electricity  was  a  fingle  elemen- 
tary fluid,  which  he  termed  eledlrical  fire; 
and  that  its  phenomena  depended  upon  the 
different  proportions  in  which  it  is  formed  ; 
that  this  fire  was  equally  diffufed  throughout 
all  bodies,  and  when,  upon  any  diflurbance, 
there  were  more  than  the  natural  quantity 
accumulated,  this  excefs  he  expreffed  by  the 
term  pofitive;  and  when  there  was  any  de- 
ficiency, fuch  was  implied  by  the  term  ne- 

*  The  difcovery  of  the  charged  phial  is  hy  many  af- 
cribed  to  Von  Kleift,  Dean  of  Camin,  in  Dantzic,  and 
that  he  communicated  t^is,  in  the  year  1745,  to  Lieber 
Kuhn,  a  year  before  Cuneus's  experiments.  It  does 
not  appear  very  probable,  that  had  fuch  a  circumftance 
really  occurred,  that  it  Ihould  have  been  unknown  to 
other  philofophers ;  and  moreover,  the  experiment,  as 
defcribed,  was  not  prafticable  by  the  imperfeft  ftate  of 
c]«£ltrica1  machines  at  that  time. 

gative. 
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gative.  Previous  to  this  period,  this  cir- 
cumftance  had  been  afcertained  by  Dr.  Wat- 
fon,  who  had  adopted  limilar  terms,  viz. 
plus  and  minus.  In  1747,  Dr.  FrankHn, 
in  his  letter  to  Mr.  CoHinfon,  appHed  this 
do6trine  to  the  explanation  of  the  Leyden 
phial.  Some  difficulties  which  appeared  in 
this  theory,  induced  fome  philofophers  to 
form  others :  thus  Abbe  Nollet  endeavoured 
to  prove  that  glafs  was  permeable  to  electri- 
city, which  experiment  has  been  placed  in  a 
proper  light  by  the  fagacious  Beccaria ; 
while  Meffrs.  Symner,  Eeles,  Atwood,  Ben- 
net,  De  Luc,  Peart,  Adams,  and  Reid, 
have  in  fome  refpedts  endeavoured  to  fupport 
the  dodtrine  of  Du  Faye,  that  ele(ftricity 
is  not  an  elementary  fluid,  but  the  refult 
of  the  combination  of  two  diftindt  ele- 
ments; while,  on  the  contrary,  Beccaaia, 
Dr.  Prieftley,  Mr.  Cavallo,  Mr.  Morgan, 
and  the  Ekitch  philofophers,  are  powerful 
advocates  for  the  Franklinian  fyftem.  Thefe 
I  have  endeavoured  to  curforily  examine.  I 
have  attempted  to  iliew,  how,  in  many 
points,  all  the  theories  hitherto  brought  for- 
ward are  exceptionable.    When  I  think  of 
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the  great  charadters,  Franklin,  Beccaria, 
Prieftley,  Mahon,  and  others,  it  is  with  the 
utmoft  diffidence  I  venture  to  fubmit  to  the 
Public  dodrines  the  leaft  fubverfive  of  theirs. 
As  the  ideas  I  have  entertained  refpedting  the 
Leyden  Phial  have  appeared  to  fome  of  my 
friends  fimple,  and  analogous  to  other  ope- 
rations of  Nature,  I  have  been  induced  to 
adopt  the  celebrated  apothegm  of  Ariftotle. 

Amicus  Plato,  amicus  Socrates,  magis  tamen 
Arnica  Veritas. 

I  hope  I  fhall  not,  like  the  Philofopher  of 
Stagira,beaccufed  of  wifhing  toered:  my  own 
edifice  upon  the  ruins  of  any  other  ftrudture, 
or,  as  Lord  Bacon  finely  remarked  of  him, 
*'  Like  a  Turkifh  defpot,  he  thought  he 
•*  could  not  reign  fecure  unlefs  all  his  bre- 
"  thren  were  (lain,'* 

My  opinions  I  have  endeavoured  to  com- 
municate with  the  utmoft  perfpicuity ;  in  my 
wifti  of  avoiding  diffufivenefs,  I  hope  I 
fhall  not  have  fallen  into  the  other  extreme, 
as  to  be  an  example  of  the  poet's  maxim, 

 Brevis  eflfe  laboro, 

Obfcurus  fio. 


AN 


AN  ESSAY 

ON 

ELECTRICITY, 


As  Thales  confidered  motion  and  mind  as  one 
and  the  fame  principle,  we  can  no  longer  be  fur- 
prifed,  that  the  wonderful  power  of  the  magnet 
and  of  the  amber  fliould  be  deemed  by  him  the 
effeasof  animation:  as  if  the  hul  of  the  ekSlron 
or  ambery  roufed  into  aftion  by  rubbing,  drew 
into  its  embrace  light  furrounding  fubftances, 
that  when  the  power  ceafed,  it  ceafed,  bccaufe  tlie 
vital  portion  funk  into  repofe. 

So  long  as  this  idea  was  entertained,  no  farther 
inveftigations  were  made  refpeding  the  real  caufe, 
or  whether  fuch  a  power  exifted  in  other  bodies, 
excepting  the  lyncurium  or  toumaline,  mentioned^ 
by  Theophraftus,  till  the  period  of  Dr.  Gilbert, 

B  pf 


of  Colchefter:  to  particularife  the  various  difco- 
veries  o(  fucceflive  philofophers,  would  be  fo- 
reign to  the  intention  of  this  little  Eflay,  and  un- 
neceflary,  as  the  hiftory  of  this  fcience  has  been 
fo  ably  executed  by  the  learned  Dr.  Prieftley. 

My  intention  in  the  following  pages  is  to  en- 
deavour to  explain  the  phenomena  of  eleftricity 
on  mechanical  principles,  to  regard  eleftricity  as 
a  fluid  fubjcB;  to  laws  common  to  all  other  elaftic 
fluids,  and  to  render  unneceflary  the  ufe  of  the 
terms  attraftion  and  repulfion  *,  to  which  no  clear 
or  diftin6l  ideas  can  be  annexed. 

*  In  fome  Philofophical  Eflays  I  publithed  a  few  monthj 
fince,  I  have  there  fully  expreffed  my  opinion  reij^efting  the  ex- 
iftencc  of  powers  poffefling  the  properties  of  aUra£iion  and  te- 
fulften.  All  the  experiments  which  have  been  adduced  in  fup- 
port  of  fuch  a  fuppofition,  I  prcfume  I  have  there  explained  on 
principles  purely  mechanical.  My  intention  was  to  have  pur- 
fiied  the  feme  mode  of  inquiry  in  cleftricity,  gravitation,  mag- 
netifm,  and  chemical  affinities.  As  my  avocations  will  not  allow 
of  my  paying  proper  attention  to  the  three  latter  fubjedts,  the 
inveftigation  of  thefe  I  fhall  defer  a  few  months  longer. 


EkBricity 
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EleElricity  in  a  Fluid  fui  Generis y  or  dif- 
tindfrom  any  others 

Eleftricity  is  a  fluid  diftinCl  in  its  properties 
from  light,  caloric,  and  magnetifm. 

That  it  is  not  fimilar  to  light,  Beccaria  od- 
ferved  that  ele6lricitv  was  not  luminous  when 
pafling  through  a  nearly  exhaufted  tube.  Many 
experimentalifts  had  remarked,  that  in  a  well-pre- 
pared barometrical  tube  there  was  no  light  pro- 
duced by  the  agitation  of  the  included  mercury 
againft  the  fides  of  the  Torricellian  glafs.  Mn 
W.  Morgan  has  demonftrated  the  truth  of  this  by 
a  well-arranged  experiment. 

When  light  appears  attendant  on  the  fluid,  it 
is  elicited  from  the  bodies  through  which  the  elec- 
tricity paflesi 

That  it  is  not  fimilar  to  caloric  is  evident  from 
its  not  being  abforbed  and  given  out  by  bodies  in 
proportion  to  their  fpecific  gravities,  to  its  velo- 
city being  fo  infinitely  fuperior  to  that  of  .caloricj 
to  its  inflaming  fpirits  of  wine,  which  caloric  will 
not*,  and  to  its  aftion  on  bodies  not  being  uni- 
Verfal,  while  that  of  caloric  is. 

That 


*  A  red  heated  body,  immerfcd  in  fpirits  of  wine,  will  not 
Inflame  them.    Flame  and  caloric  are  in  many  rcfj^edls  ditlcr- 

B  a  entJ 


(    4  ) 

That  it  is  Hot  Cmilar  to  magnetifm,  as  the  di-» 
reftidn  of  the  fluids  is  not  only  different,  but 
the  magnetic  fluid  is  limited  to  iron,  while  all 
metals  and  almoft  all  fluids  are  fubjeft  to  the  ac- 
tion of  eleftricity. 


ConduEtors  and  Non-ConduSlors. 

Mr.  Gray  cafually  difcovering  that  filk  would 
hot  conduQ;  eleftricity,  was  led  by  this  circum- 
ftanceto  make  experiments  with  other  fubftancesj 
hence  bodies  have  been  divided  into  two  clafles, 
EleUrics  per  Jcy  and  Non-Eledrics.  When  Frank- 
lin, by  fome  experiments,  was  induced  to  fup- 
pofe  that  eledtricity  was  equally  diff"ufed  through 
all  fubftances,  he  changed  the  terms  of  ElcElric 
per  fe  into  Non-ConduBorSy  and  Non-Eleftrics  into 
Conduftors. 

Some  eitperiments  which  1  have  made  induce 
me  to  believe  that  bodies  poflefs  different  degrees 
of  eleftricity:  that  the  mofl  perfeft  conduftor 
poffelTes  the  largeft  quantity  of  eleSricity,  and 

«nt;  a  fmall  flame  will  difcharge  a  Leyden  phial  at  twice  the 
diftance  a  rery  confiderable  heated  body  will.  Flame  will  not 
fire  gunpowder.  The  expanfive  power  ot  flartie  is  very  corili- 
tlerable ;  a  fmall  portion  of  fpirits  of  turpentine  falling  gradu- 
ally on  a  heated  body,  the  force  of  the  flame  gives  motion  now 
to  a  very  powerful  machine, 

the 
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the  rnoft  perfeft  non-conduQ;or  the  lead  quan- 
tity. 

It  is  a  circumftance  well  known  to  eleQricians, 
that  in  a  tulbe  exhaufted  about  lOO  times,  very 
fmall  portions  of  eleftricity  are  vifible,  from  the 
tefiftance  of  the  air  being  conGderably  dimi- 
nifhed,  become  more  diifufed,  and  pafs  through 
a  larger  fpace. 

In  a  glafs  receiver,  about  fix  inches  in  diame- 
ter, and  fourteen  long,  I  made  a  quick  revolu- 
tion of  a  cufliion,  which  communicated  by  a  brafs 
rod  to  the  top  of  the  receiver,  and  made  it  rub 
on  a  piece  of  plate  glafs  fixed  on  a  ftand,  elevated 
to  about  the  centre  of  the  receiver  ;  the  corruf- 
cations  were  very  vivid.  When  the  brafs  rod 
was  removed,  and  the  cufhion  was  left  infulated, 
the  light  produced  was  very  faint.  When  a  ball  of 
fealing  wax  was  rubbed  on  the  glafs,  there  was 
no  light  evident.  When  glafs  plates  infulated 
were  rubbed  on  each  other,  there  was  no  lumi- 
nous appearance. 

When  quickfilver  v/as  forced  through  wood  by 
the  preffure  of  the  atmofphere,  and  the  fmall 
mercurial  particles  dafhed  on  the  fides  of  an  in- 
cluded glafs  receiver,  by  fuch  an  a£tion  eleflri- 
city  was  produced*. 

*  This  experiment  was  firfl:  made  by  Hawkfbee;  he  called  it 
a  mercurial  phofphoreal  light,  and  has  fince  been  commonly 
repeated.  The  experiment  will  not  fuccced,  unlefs  in  a  fmall 
receiver,  that  the  exhauftion  may  be  rapid. 

From 
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From  thefe  circuinftances,  I  am  'induced  to 
fuppofe,  that  the  facility  with  which  ele6lricity 
pafles  through  fome  bodies  is  iii  the  ratio  of  the 
quantity  they  contain,  and' the  refiflance  to  its 
progrefs  in  the  inverfe  proportion. 

Suppofing  A  B,  Fig.  I.  to  be  a  tube  filled  with 
air,  if  I  force  a  column  of  air  equal  to  the  co-- 
lumn  A  a,  it  will  pafs  on  eafily,  and  the  quantity 
will  go  out  of  the  tube.  If,  inftead  of  fuch  a 
tube  AB,  I  make  ufe  of  a  tube  CD,  divided  by 
a  number  of  partitions,  in  vain  fhonld  I  attempt 
to  force  in  a  quantity  equal  to  a  column  C  d,  be- 
caufc  the  different  partitions  would  prevent  its 
acting  on  the  air  in  the  whole  tube;  thus  its  ad* 
miffion  or  paffage  would  be  prevented. 

The  fame  mode  of  reafoning  may  be  eafily 
transferred  to  condu6lors  and  non-condu6lors* 
Suppofing  A  B  a  metallic  rod  replete  with  elec- 
tricity, any  fuccefiive  portions  of  eleQricity  will 
only  have  to  overcome  the  gentle  refiftance  of 
the  fluid  within  the  rod,  and  hence  eafily  tranf- 
mitted.  When  a  body  contains  little  or  no  elec- 
tricity, not  being  enabled  to  overcome  the  refift- 
ance of  the  intervening  fpaces,  it  would  be  fimi- 
lar  to  the  partitions  of  the  tube  CD. 

We  may  compare  conduftors  to  water  diffufed 
through  the  vafcular  ramifications*  of  a  fponge, 

which, 

*  Vafcular  ramifications  of  a  fponge. — When  a  fine  fe<?lion 
,©f  a  piece  of  fponge  is  powerfully  magnified,  it  appears  like  a 

congeries 
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which,  when  preffed  on  any  part,  an  adequate 
portion  of  fluid  will  be  exuded  from  all  around, 
"while  non-condudlors  are  more  analogous  to  a  w^t 
lock  of  cotton,  there  being  not  that  continuity 
in  the  refpeQive  portions,  fo  that  any  force  par- 
tially induced  would  not  influence  the  whole. 

When  we  receive  a  fpark.  from  a  conduSor, 
this  fpark  is  not  identically  the  fame  fluid  pro- 
duced from  the  rubber  by  its  attrition  on  the  cy- 
linder, but  the  quantum  of  eleftricity  previoufly 
inherent  in  the  conduftor,  and  drove  forwards 
by  the  jufl:  produced  quantity. 


The  Denfity  on  the  ConduElor  will  necejfa^ 
rily  be  equal  to  that  on  the  Cylinder, 

This  may  be  illuftrated  by  an  analogy  to  air. 
Air,  we  know,  would  be  expanded  to  a  confi- 
derable  extent,  if  there  were  not  a  general  equa- 
lization; thus  air,  included  in  a  fquare  glafs  bot- 
tle, a6ls  on  the  internal  furface  of  the  glafs  with 
a  force  equal  to  151b.  on  every  fquare  inch,  a 
force  more  than  fufficient  to  overcome  the  refift- 

congeries  of  exqulfitely  fine  veflels ;  ahd  it  is  owing  to  fuch 
tubular  conftru6tion  the  power  of  abforbing  and  retaining  fo 
much  water. 

ancc 
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ance  of- the  glafs.  As  the  external  furface  of  the 
glafs  is  alfo  furrounded  by  an  equivalent  force, 
they  counteraft  each  other;  if  we  abftraft  the 
circumambient  air,  the  included  elaftic  fluid 
evinces  its  power  by  burfting  through  its  vitreou^ 
prifon. 

So  eleftricity,  difFufed  through  different  bo- 
dies, is  preferved  quiet,  by  the  refiflance  to  its 
egrefs  being  in  an  ejjaft  ftate  of  equalization; 
when  this  equality  is  deftroyed,  it  then  manifefts 
itfeif  in  proportion  to  its  power. 

Air  holding  in  folution  a  quantity  of  water, 
becomes  a  conduftor  in  proportion  to  the  quan-> 
tity  jt  contains;  thus  in  very  wet  weather  it  is 
difficult  to  perform  eleftrical  experiments,  then 
there  being  V"6ry  little  refiflance  to  the  eleflrical 
fluid  equalizing  itfeif,  fo  that  any  accumulation  is 
prevented. 

When  the  air  is  dry,  the  refiflance  to  the  eleCr 
trie  flyicj  is  in  prpportion  to  its  denfity;  a«  aftion 
and  re-a6lion  are  equal,  the  ele6lrical  fluid  equally 
a£ls  on  the  air,  and  can  only  be  accumulated  to 
filch  a  degree  till  i^  is  equal  to  the  refifle^nce  of 
the  air.  When  beyond  this,  the  refiflance  is 
overcome,  and  the  equalization  reflored  ;  thus 
air  condenfed,  by  reiifting  more  vyill  likewife  ad- 
mit of  a  larger  accumulation  of  eleflricity;  when 
rarefied,  refills  lefs,  and  is  overcome  by  a  fmaller 
quantity, 

If 
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If  air  was  a  conduflor,  no  eleftrical  experi- 
ments could  be  performed ;  there  could  be  no 
accumulation  in  the  one  part,  no  deficiency  in 
another :  we  ftiould  be  deprived  of  all  thofe  ad- 
vantages which  we  derive  from  atmofpherical 
eleQricity.  This  principle  would  then  not  have 
entered  into  combination  with  water,  when  con- 
verted by  folar  rays  into  vapour,  and  when  hav- 
ing pafTed  through  its  aerial  circulation,  it  would 
no  longer  be  precipitated  with  thofe  portions  fo 
conducive  to  vegetation ;  there  would  have  been 
a  dull  uniformity  in  the  atmofpheric  region,  and 
Nature  would  thus  have  been  deprived  of  one  of 
her  moll  energizing  agents.  While,  on  the  con- 
trary, we  fee  by  this  wife  provifion,  that  no  ac- 
tion takes  place  without  unfolding  a  portion  of 
this  enlivening  principle.  The  evaporation  of  a 
drop  of  water,  as  well  as  the  concourfe  of  float- 
ing fields  of  vapour,  elicit,  in  their  difturbance, 
more  or  lefs  eleSricity :  to  this  fhowers  owe  their 
genial  power,  by  falling  on  plants,  on  the  furface 
of  the  earth,  containing  different  proportions  of 
eleftricity;  the  equalization  produces  that  aftion 
which  ftimulates  and  excites  vegetable  life. 


C 


The 
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The  EffeSls  of  EleEiricity  on  fufpended  Pith 

Balls. 


It  is  well  known  to  eleClricians,  that  an  excited 
glafs  tube,  or  a  ftick  of  fealing  wax,  applied  near 
fufpended  pith  balls,  will  make  theni  diverge. 
When  they  are  rendered  diverging  by  the  ex- 
cited glafs  tube,  which,  if  removed,  and  an  ex- 
cited refinous  body  applied,  the  feparation  be- 
tween the  balls  is  deftroyed,  and  they  are  brought 
into  the  ftate  they  were  in  before  they  were  dif- 
turbed.  If  both  the  excited  bodies  (hould  be 
applied  to  the  pith  balls  at  one  and  the  fame  time, 
there  will  be  no  fenfible  aftion  induced;  their 
ftates  being  different,  they  counteraft  each  other. 
Du  Faye,  who  firft  obferved  this,  fuppofed  there 
were  two  different  kinds  of  electricity,  contrary 
to  each  other ;  the  one  he  termed  vitreous,  and 
the  other  refinous.  As  thefe  ftates  appeared  to 
Dr.  Franklin  to  be  entirely  owing  to  the  bodies 
having  more  or  lefs  than  their  natural  quantity, 
he  changed  the  terms,  as  before  obferved,  to  po- 
fitive  and  negative. 

In  order  to  explain  the  phenomena  of  the  balls, 
it  has  been  aflumed  as  an  axiom,  that  electricity 

of 
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of  a  fimilar  nature  repel  each  other  ;  and  of  a 
contrary  nature  attract  each  other.  When  the 
pith  balls  feparate,  they  are  faid  to  repel  each 
other. — How  vague  and  indefinite  is  the  word 
repulfion ;  can  we  conceive  that  matter  can  a6l 
beyond  where  it  really  exifts,  that  it  fhould  have 
a  power  of  influencing  other  bodies  fituated  re*-  ■ 
mote;  not  only  this,  but  we  are  alfo  told,  that 
there  are  fuch  bodies,  whofe  own  conftituent 
particles  are  fo  inimical  to  each  other,  as  to  have 
a  continual  nifus  of  receding.  If  fuch  were 
really  the  cafe,  there  would  not  be  exifting  in 
Nature  two  homogeneous  particles  in  a  ftate  of 
union.  Some  fay  the  grand  pririciple  of  repul- 
fion is  fire;  while  Lavoifier  fuppofes  that  it  is 
aftuated  by  a  powerful  principle  of  attradion, 
and  having  a  violent  tendency  to  unite  forced- 
afunder  particles  of  other  bodies. 

We  are  too  apt  to  afcribe  to  matter,  whofe  ex- 
ility eludes  our  fenfes,  powers  incomprehenfible 
to  us.  If  we  fee,  from  their  eflPefls,  they  have  a 
tendency  to  feparate,  we  fancy  that  it  is  the  refult 
of  a  repulfive  power  circumfcribing  the  bbdy; 
if  we  fee  them,  approximating,  we  fay  they  are 
furrounded  with  an  attractive  power.  Such  a 
mode  of  reafoning  is  unphilofophical — it  is  ex- 
plaining '*  ignotum  per  ignotius."  For  the  pre- 
fent  let  us  wave  all  thefe  refinements,  and  let  us 
regard  the  eleftric  fire  as  amenable  to  the  fame 
laws  with  common  matter. 

C  a  If 
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If  we  confider  it  as  fimilar  to  otlier  elaftic 
fluids,  all  the  phenomena  of  eledlricity  may  be 
cafily  explained. 

If  the  pith  balls  were  placed  in  a  medium  per- 
feflly  rare,  no  divergency  would  be  induced  by 
the  application  of  any  excited  fubftance;  as  they 
are  furrounded  by  a  medium  which  refills  the  ten- 
dency to  equalization,  it  is  fuch  refiftance  which 
produces  the  fcparation.  \ 

This  refiftance  is  very  evident  in  the  experi- 
ment of  the  eleflric  fly;  the  ele£lricity  pouring 
forth  from  the  points  in  order  to  equalize  itfelf, 
meets  with  refiftance  in  the  furrounding  air  ;  the 
re-aftion  of  this  medium  produces  the  retrogade 
motion.  When  this  fly  is  placed  in  an  exhaufted 
receiver,  there  is  no  fuch  motion  induced. 

When  a  glafs  tube  is  excited,  with  refpeft  to 
the  elafticity  on  its  furface,  it  is  in  a  ftate  of  ex- 
cefs,  and  is  termed  pofitive.  When  applied  to 
the  infulated  brafs  rod  A  B,  Fig.  II.  the  excefs, 
meeting  with  a  conducing  fubftance,  enters  into 
it,  until  the  brafs  rod  and  the  excited  glafs  are 
equal  j  in  this  cafe  the  brafs  rod  has  more  than  its 
natural  quantity,  and  confequently  endeavours  to 
equalize  itfelf  with  the  furrounding  air.  As  the 
air  is  but  a  very  imperfeft  conduftor,  the  tranf- 
miflionof  it  is  very  flow;  the  pith  balls  a  b  com- 
municating with  the  brafs  rod,  are  likewife  in  a 
pofitive  ftate  of  eleflricity ;  the  excefs  they  pour 
out  from  every  point  radiating  from  all  around 
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the  balls:  the  refiftance  to  the  evolution  of  this 
fluid,  from  the  furrounding  air,  is  the  greateft  in 
the  plate  of  air  which  lies  between  the  two  balls. 
Suppofing  ef.  Fig.  II.  to  reprefent  the  plate  of 
air,  the  air  muft  remain  ftationary,  from  being 
equally  afted  on  by  equal  quantities  of  eleftri- 
city,  proceeding  from  a  and  b  in  oppofite  direc- 
tions, and  confequently  counterafting  each  other^ 
the  plate  of  air  thus  afted  on  by  the  two  balls  re- 
acts on  them;  and  it  is  this  re-aclion  which 
caufes  them  to  feparate. 

When  an  excited  refinoqs  body,  or  ftick  of 
fealing  wax,  is  applied,  with  refpeft  to  eleftricity, 
it  is  in  a  ftate  of  deficiency,  and  confequently  the 
eleftricity  exifting  in  conducing  bodies  will  flow 
towards  it,  in  order  to  equalize  itfelf.  In  this 
fl;ate,  when  applied  to  the  infulated  rod,  the  rod 
will  give  out  a  part  of  its  natural  quantity  to 
equalize  itfelf  with  the  refinous  body ;  the  pith 
balls  will  neceflarily  be  equally  negative,  and  will 
feparate  in  the  fame  manner  as  when  pofitive.  In 
this  cafe  they  polTefs  lefs  eleflricity  than  what  is 
necelTary  to  balance  the  eleftricity  of  the  fur- 
rounding  air,  which,  in  equalizing  itfelf,  will 
gradually  impart  ftreams  of  eleSricity  towards 
the  balls  in  a  converging  manner.  The  plate  of 
^ir  between  the  two  balls  will  be  imparting  elec- 
tricity in  equal  quantities  to  them  both,  in  oppo- 
fite direftions,  and  by  thus  counterafting  each 
other  render  the  plate  of  air  ftationary;  while 
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the  pith  balls,  feparate  from  the  impulfe  of  the 
fluid,  added  to  the  re-a£lion ;  as  the  impulfes 
all  around  the  balls  are  exaftly  equal,  excepting 
the  portions  between  each  ball  having  an  addi- 
tional re-adlion,  which  drives  them  into  contrary 
direftions. 

In  the  pofitive  ftate  of  eleftricity,  the  fuper- 
abundant  portion  diffufing  itfelf  all  around,  will 
be  thrown  off  the  ball  a  and  b,  in  the  direftion 
of  the  dotted  lines.  In  this  cafe  we  fee  there  is 
no  portion  of  air  aded  on  by  the  eledricity  from 
both  balls,  but  the  portion  e  f,  which  lies  between 
them. 

So  in  the  negative  ftate  of  eleflricity,  the  air, 
in  equalizing  itfelf  with  the  balls,  will  give  out 
its  excefs  in  the  direQion  of  the  dotted  lines, 
converging  towards  the  balls.  As  every  particle 
which  is  given  out  will  neceffarily  re-aQ;  on  the 
air,  the  fame  as  a  cannon  recoils  from  the  re-ac- 
tion of  the  ball,  no  portion  of  air  furrounding 
the  balls  can  refift  this  re-adlion  fo  much  as  the 
plate  of  air  e  f.  The  re-a6lion  from  the  elec- 
tricity given  out  to  the  ball  a,  cannot  make  the 
portion  of  air  recede,  becaufe  there  is  the  fame 
re-a£lion  from  the  eleftricity  given  out  to  the 
ball  b ;  hence  the  balls  a  and  b  meeting  with 
greater  refiftance  from  the  intervening  plate  of 
air,  will  necelTarily  recede. 
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The  EJfcEls  of  Attrition  on  Glafs, 


Glafs,  in  its  natural  ftate,  contains  little  or  no 
cleftricity.    As  we  have  already  fhewn,  that  a 
powerful  rubbing  aftion  of  two  plates  of  glafs 
would  not  elicit  a  fingle  particle  of  eleftricity ; 
when  rubbed  by  a  fubftance  that  is  replete  with 
it,  at  the  inftant  of  attrition,  when  under  the 
immediate  contaft  of  the  rubber,  it  becomes,  in 
the  rubbing  point,  acondudlor,  which  being  in  a 
comparative  ftate  of  deficiency  with  the  rubber, 
the  eleftricity  of  the  rubber  pours  forth,  in  order 
to  equalize  itfelf  with  this  new-formed  conduc- 
ing part.    This  ftate  has  only  a  momentary  exift- 
ence,  and  the  powers  of  conducing  die  the  in- 
ftant the  glafs  is  difengaged  from  the  rubber; 
hence  it  is  that  the  portion  of  eleftricity,  which 
is  difengaged  from  the  rubber,  loads  the  air  which 
furrounds  the  glafs  with  a  fuperabundant  portion, 
and,  obedient  to  the  general  law  of  fluids,  will 
pafs  where  it  meets  with  the  leaft  refiftance.  If 
in  this  ftate  it  ftiould  be  applied  to  an  infulated, 
conducing  body,  it  will  equalize  itfelf  immedi- 
ately with  this  fubftance.    When  we  excite  a 

plate 
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plate  of  glafs  with  a  rubber  on  one  fide,  pith  balls 
are  no  ways  agitated  by  being  applied  to  a  part  of 
the  glafs  direQly  oppofite  to  the  rubber;  the 
moment  this  part  is  difengaged  from  the  rubber, 
then  the  direft  oppofite  portion  will  difturb  the 
pith  balls  with  that  ftate  of  electricity  neceffarily 
reverfe  to  itfelf. 

Thus  in  an  eleftrical  machine  we  muft  not 
fuppofe  that  the  eleftricity  is  forced  or  fumped  outy 
as  it  is  fometimes  exprefl'ed,  from  the  rubber,  by 
the  mere  mechanical  a£lion  of  attrition  ;  an  infu- 
lated  brafs  cylinder,  by  the  moft  powerful  rub- 
bing, may  be  moved  to  eternity  without  difen- 
gaging  a  fingle  particle  of  ele£lricity ;  the  por- 
tion of  glafs  which  is  under  the  immediate  con- 
taft  of  the  rubber  becoming  a  conductor,  equa- 
lize itfelf  with  the  rubber,  by  abftradling  a  por- 
tion of  its  ele£lricity,  the  fame  as  when  a  bladder, 
half  filled  with  air,  remains  in  this  ftate,  becaufe 
its  denfity  is  equal  to  that  of  the  furrounding 
medium.  If  the  denfity  of  the  circumambient 
air  be  diminiftied,  no  longer  a  counterading 
force  to  the  included  air,  this  will  expand  itfelf 
till  it  becomes  an  exa6l  balance  to  the  fluid 
around. 

In  order  that  every  part  of  the  glafs  paffing 
under  the  rubber  may  be  excited,  it  is  necef- 
fary  that  it  Ihould  be  equally  prelTed ;  that 
this  contaft  may  be  affefted,  an  unftuous  amal- 
gam 
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gam*  is  equally  fpread  upon  the  cufliion,  pre- 
cifely  upon  thofe  parts  immediately  afted  upon  by 
the  glafs ;  alfo,  by  being  of  a  metallic  nature,  is 
an  excellent  conduftor,  and  forms  that  chain  of 
connexion,  fo  as  to  allow  of  the  eledlricity  to 
immediately  equalize  itfelf. 

The  filk  added  by  Dr.  Nooth  is  a  very  confi- 
derable  improvement  j  although  the  air  is  a  bad 
conduftor,  yet  if  the  fpace  between  the  rubber 
and  the  prime  conductor  is  confiderable,  a  great 
portion  of  eleftricity  would  be  diflipated.  As 
filk  is  a  non-conduftor,  much  more  refills  the 
ele6lricity  than  the  furrounding  air,  great  care 
fliouid  be  taken  that  the  filk  be  fo  arranged,  that 
the  moment  the  glafs  is  difengaged  from  the  rub- 
ber, it  fliould  be  direftly  under  the  conta£l  of 
the  filk.  If  there  fhould  be  the  interval  of  a 
quarter  of  an  inch,  the  eleQricity  would  return 
by  thefe  to  the  rubber  again,  and  thus  we  Ihould 
lofe  the  greatefl:  part. 

It  is  from  an  accurate  attention  to  thefe  cir- 
cumftances  that  the  plate  machines  of  Mr.  Cuth- 

*  Baron  Kienmier's  amalgam  is  an  excellent  preparation  : 
three  ounces  of  quickfilver,  two  ounces  of  tin,  and  one  ounce 
of  zinc ;  the  quickfilver  put  into  a  wooden  box, .  chalked,  the 
tin  and  zinc  melted,  and  poured  upon  the  quickfilverj  imme- 
diately agitate  the  whole  together,  they  will  all  be  united. 
This  amalgam  muft  be  finely  powdered  and  fifted  through  a 
piece  of  cambric,  or  other  fine  fubftance,  and  mixed  with  a 
futficicnt  quantity  of  hog's  lard,  till  brought  into  theconfiftence 
of  being  eafily  fpread. 

D  bertfon's 
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bertfon's  are  fo  fuperior  in  their  power  to  any  of 
a  cylindrical  form;  fo  much  fo,  that  in  the  ratio 
of  their  furface  they  produce  double  the  effeft 
of  the  cylinder;  every  part  being  more  perfeftly 
under  the  action  of  the  rubber,  is  rendered  in  a 
more  perfcfcl  conducing  ftate,  and  confequently 
will  abftraft  a  greater  quantity  of  eleftricity  from 
the  culhion.  When  the  glafs  is  difengaged  from 
the  cufliion,  the  eleftricity  will  be  thus  fuperiorly 
accumulated;  in  equalizing  iifelf  with  the  prime 
conduBor,  it  will  impart  a  fuperior  quantity ;  fo 
that  when  a  phial  is  charged,  the  infide  of  the 
phial,  the  prime  conduftor,  and  the  cylinder, 
have  equal  intenfities  of  ele£lricity,  fo  that  the 
fuperior  the  intenfity  of  the  plate,  the  higher  the 
phial  can  be  charged. 

On  this  principle  we  may  eafily  explain  the 
reafon  why  a  fmall  cylinder  or  plate,  with  its  pro- 
per-fized  rubber,  will  not  produce  the  fame 
quantity  of  eleBricity  as  the  fame-fized  rubber 
on  a  larger  cylinder  or  plate,  although  fo  revolved 
that  equal  furfaces  fliall  be  rubbed  in  equal  times. 
Let  us  fuppofe  the  circumference  of  the  fmaller 
cylinder  or  plate  be  thirty  inches,  and  that  of  the 
larger  fixty  inches;  in  order  then  that  the  fur- 
faces  rubbed  in  equal  times  may  be  equal,  there 
muft  be  two  revolutions  of  the  fmaller  to  one  of 
the  larger ;  fo  that  every  inch  of  one  machine 
is  rubbed  twice  to  every  inch  of  the  other; 
the  fame  time  is  not  allowed  to  every  diftinfl;  por- 
tion 
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tion  of  the  rubbed  furface  to  be  reftored  to  that 
flate  as  to  admit  of  the  greatefl;  degree  of  ex- 
citement. 

What  may  be  this  peculiar  change  induced  in 
glafs  by  the  a6lion  of  rubbing,  may  be  difficult 
to  conceive.  I  have  fometimes  been  induced  to 
fuppofe  that  this  may,  in  fome  refpeft,  depend  on 
an  alteration  in  the  temperature  of  the  glafs,  while 
under  the  immediate  aftion  of  rubbing.  When 
glafs  is  much  warmed,  we  know  it  then  becomes 
a  conduftor ;  that  eleftricity  permeates  it  as  eafily 
as  it  does  a  metallic  body.  Let  us  indulge  in 
this  hypothefis,  and  fee  how,  by  fuch  a  fuppofi- 
tion,  we  may  explain  the  above  circumftance. 

If  the  glafs  immediately  under  the  a6lion  of 
the  rubber  fliould  pofTefs  at  that  time  ten  degrees 
more  temperature  than  any  other  part  of  the  glafs, 
in  proportion  to  this  increafe,  it  will  be  enabled 
to  abftraft  more  eleftricity  from  the  culhion. 
When  difengaged  from  the  cufhion,  the  increafe 
of  temperature  immediately  diminifhes,  and  cqn- 
fequently  gives  out  the  electricity.  When  the 
furface  of  the  glafs  is  fmall,  every  part  paCfes  fo 
quick  under  the  rubber,  that  the  difference  be- 
tween the  temperature  under  the  rubber,  and  the 
other  parts  of  the  glafs,  becomes  lefs,  and  hence 
lefs  quantities  of  eleftricity  produced  than  when 
there  is  a  larger  furface.  If  it  were  poffible  to 
have  all  the  parts  of  the  glafs  twenty  or  thirty 
degrees  colder  than  the  parts  immediately  under 
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the  cufliion,  we  mod  probably  (hould  accumu- 
late eleftricity  to  an  amazing  intenfity*. 

There  would  be  no  difficulty  in  working  a  ma- 
chine in  a  large  receiver,  filled  with  oxygen  gas, 
or  hydrogenous  gas,  as  thefe  gafes  contain  great 
quantities  of  caloric;  from  fuch  experiments  fome 
ufeful  deduftions  might  be  made. 

A  refinous  body,  when  excited,  becomes  not 
only  a  conduQor  at  the  moment  of  excitement, 
but  retains  the  power  a  certain  time  afterwards  j 
fo  that  every  fubftance  with  which  it  can  come 
into  contaft  of  a  conducing  nature,  or  contain- 
ing eleftricity,  it  will  abflraft  fo  much,  till  it  be- 
comes in  a  ftate  of  equalization;  thus  it  is  why, 
in  a  ftate  reverfe  to  the  glafs.  the  glafs  gives  it 
out,  but  the  refinous  body  fl:ill  coninues  to  ab- 
llraQ:;  hence,  when  a£ling  together,  the  refinous 
body  readily  admitting  what  the  vitreous  body  is 
giving  out,  they  appear  to  counteraft  each  other. 

Perhaps  this  power  of  retention  in  refinous 
bodies  may  be  dependant  on  the  fame  ftate  re- 
quifite  for  combuftibility. 

♦  Query.  Whether  a  fmall  bottle  cylinder  would  not  be 
more  excited  if  filled  with  quickfilver,  fo  that,  by  being  in  con- 
ta£t  with  fo  denfe  a  medium,  its  temperature  would  be  more 
equalized  ? 
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Dr.  Franklin's  Theory^ 

lefs  than  two  years  after  the  difcovery  of  the 
Leyden  Phial,  Dr.  Franklin  endeavoured  to  ex- 
plain the  caufe  on  the  principle  of  pofitive  and 
negative  eleftricity.  He  fuppofed  twenty  parti- 
cles of  electricity  on  the  infide,  and  the  fame 
quantity  on  the  outfide ;  when  one  particle  was 
added  to  the  infide,  it  repelled  a  particle  from  the 
outfide ;  fo  that  when  the  quantity  withinfide  was 
doubled,  the  whole  on  the  outfide  was  expelled. 

To  this  theory  many  obje£lions  have  been 
made.  Glafs,  according  to  Dr.  Franklin,  is  not 
permeable  to  eleftricity,  and  yet  is  replete  with 
it.  By  what  power  could  any  additional  quan- 
tity within  expel  the  fame  quantity  from  without, 
and  yet  no  ways  pervading  the  glafs  ? 

To 
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To  the  fupport  of  this  theory  Dr.  Franklin 
fays  the  eleftric  matter  repels  itfelf,  and  attracts 
all  other  matter. 

When,  to  the  fupport  of  any  theory,  we 
are  under  the  neceflity  of  attempting  to  explain 
any  aQjon  by  the  terms  repuljian  and  atiraclion, 
fuch  is  a  confeflion  of  our  entire  ignorance.  If 
■we  wifli  to  convey  to  another  clear  and  diftindt 
ideas  about  certain  operations  in  nature,  furely 
we  would  not  make  ufe  of  a  mode  of  reafoning 
flill  more  intricate  than  the  fubjeO;  of  our  invefti- 
gation.  Nature,  beautifully  fimple  in  all  her 
operations,  purfues  not  that  mazy  path  which  the 
cloudy  genius  of  an  Ariftotle  trod.  Occult  qua- 
lities and  myfterioijs  powers  are  no  more  fcience 
than  boifierous  epithets  and  turgid  declamation 
are  true  eloquence.  Even  when  the  grea,t  Des 
Cartes  produced  his  plain  and  rational  theory, 
yet,  with  a  prejudice  almoft  national,  the  great 
mind  of  a  Newion  evinced  its  fallibility,  by  ftill 
retaining'Ariftotelian  abfurdities. 

Even  in  Newton  we  find  many  expreffions 
which  his  mod  powerful  advocates  cannot  unfold ; 
and  yet  how  many  there  are  who  receive  his  con- 
jeftures  as  facred  myfteries,  and  attribute  their 
incomprehenfion  to  an  intelleftual  inability,  as 
if  their  eyes  were  blinded  by  that  refplendent 
blaze  of  truth  upon  which  his  eagle  fight  could 
gaze  without  injury. 

In 
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In  the  firft  point  of  view,  the  Franklinian 
theory  appears  fimple  and  eafy ;  when  more  mi- 
nutely examined,  it  is  found  attended  with  infu- 
perable  difficulties.    A  power  of  a  body  extend- 
ing beyond  the  body  itfelf,  influencing  other  bo- 
dies without  any  material  agency  :   an  a^io  in 
dijlans  is  too  wild  a  theory  to  be  admitted,  and  is 
no  ways  fupported  by  any  analogy  in  nature. 
Some  of  its  advocates  fay,  that  "  flame  will  com- 
municate heat  through  fubftances  which  are  im- 
pervious to  the  flame  itfelf."    What  is  flame  but 
the  rapid  decompofition  of  caloric  from  oxygen 
gas :  hence  the  caloric  may  be  tranfmitted  to  a 
body,  without  that  body  being  alfo  enabled  to 
produce  the  fame  quick  decompofition.    A  body 
muft  be  heated  to  a  certain  intenfity  before  it  can 
acquire  this  power*. 

Another 

*  We  might  fuppofe,  that  to  every  particle  of  oxygen  there 
is  a  particle  of  fire  j  that  an  equalization  Is  preferved  fo  long  as 
there  is  no  difturbance ;  aftod  upon  all  around,  they  equally  re- 
aft,  and  thus  prefervc  the  balance.  When  any  change  is  in- 
duced in  a  body,  by  any  procefs  or  difturbance  whatever,  and 
by  fuch  a  change  there  (hould  be  lefs  refiftance  to  the  oxygen 
particles  in  that  direftion  than  to  any  other,  the  union  between 
thefe  particles  and  thofe  of  caloric  will  be  deftroyed  exactly  in 
that  part  where  the  refiftance  is  the  leaft  that  Is  in  conta(fl  with 
the  body;  fo  that  the  caloric  will  be  thrown  upon  the  body, 
while  the  oxygen  particles  are  in  union  with  the  body.  If  this 
procefs  ftiould  be  flow  and  gradual,  as  in  metallic  bodies,  it 
will  be  calcination  or  oxydation.  If  the  procefs  Ihould  be  ra- 
pid, the  rapid  feparation  of  caloric  would  form  a  fiery  atmof- 

phcre 
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Another  argument  that  has  been  advanced,  is 
■an  experiment  with  three  equal-fized  balls.  If 
thefe  three  balls  are;  fufpended  on  three  firings, 
one  elevated,  and  the  other  two  balls  in  contafti 
■when  the  elevated  ball  is  fet  at  liberty^  it  will  aft 
upon  the  fecond  ball,  and  the  fecond  ball  on 
the  third.  In  this  experiment,  it  is  faid  that  the 
third  ball  is  the  only  one  which  moves;  the  fe- 
cond receives  the  impulfe  from  the  firft,  and 
tranfmits  the  whole  of  the  impulfe  to  the  third, 
without  being  itfelf  any  ways  difturbed. 

The  fame  mode  of  reafoning  has  been  applied 
to  the  Leyden  Phial ;  that  the  eleftricity  accumu- 
lated on  the  inlide  may  afl  on  the  glafs,  and  the 
glafs,  by  afting  on  the  eleftricity  on  the  outfide, 
thus  force  it  away. 

Although  this  is  the  cafe  in  the  congrefs  of  bo- 
dies, fuch  can  no  ways  explain  why  there  fhould 
be  no  accumulation  within,  unlefs  the  eleftricity 
on  the  outfide  can  be  condufted  away. 

phere  about  the  body  where  expofed  to  the  air,  and  conftitute  a 
flame:  thus  the  flame  of  a  candle  is  preferved  in  its  direction 
from  being  fo  fpecifically  lighter  than  the  furrounding  medium, 
although  the  decompofition  is  all  around.  The  inftant  a  parti- 
cle is  feparated,  the  veiy  lame  inftant  it  rifes  up  in  that  direc- 
tion where  it  meets  with  the  leaft  rcfiftahce ;  thus  all  accumu- 
lating, form  a  cylindrical  flame  round  the  combuftible  body,  and 
which  becomes  conical  in  that  part  where  detached.  To  purfue 
thefe  inquiries,  we  might  eafily  explain  not  only  the  difterent. 
coloured  tints  of  the  fame  fliame,  but  alfo  the  different  intenfi- 
ties  in  the  different  parts. 


Mr. 


Mr.  Morgan  has  attempted  to  remove  thefe 
■di{Ficulties,  by  fuppofing  the  eleftric  fluid  exifts 
as  a  component  part  Off'  the-  glafs,  and  retained 
there  by  a  ftrong  attrailive  power,  as  he  is  imder 
the  ncceflity  of"  fuppofing  different  degrees  of 
attraftion  exifting  in  different  parts  of  the  'glafs. 
As  ^ttfa€Vid)-Wisahe  bafis'of  his  fyftem,  its  reality 
ought  to  be  previoufly  demonftrated,  before  any 
dependfertCe'can  be  placed  on  the  fuperftru6lure. 


Du  Faye's  Theory  of  the  Two  EkSiricities. 

The  difficulties  attending^  the  Franklinian  fyf- 
tem,  refpe6ting  the  impermeability  of  glafs^  in- 
duced Meffrs.  Eeles,  '  Syfnner,  At^lvood,  an'd 
others, 'to  adopt  the  idda  of  Du  Faye, 'df  ^thet^ 
being  tWo'  diftinft  kinds  of  eieftricities;  with  thfs 
difference,  Du  Faye  fuppofed  the  deSHcities  el- 
ided naturally' different  in  different  bodi'es, ' while 
thefe 'gentlemen  fuppofe,  .that  tlie' two' eleQricr- 
ties  are'  always  united,  'and  "only  evince  their 
power  when  feparated;  thit  when  in'  union' they 
counteraQ:  cfach  other,  To  as  in  this  ftate  are  per- 
feftly  tranquil.  When  they  are  divided,  they 
each  h&ve  juncontrolled  their  feparate  power; 
and  their  ftrong  attractive  nifus  to  unite,  is  the 
caufe  of  every  elcftrical  appearance. 

E  By 
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By  thus  regarding  eledricity  as  a  compound  of 
two  diftinft  principles,  which,  when  divided,  will 
permeate  glafs,  they  thus  attempt  to  explain  the 
Leyden  Phial. 

Thefe  two  principles  they  term,  after  Du  Faye, 
the  vitreous  and  refinous  eleftricity;  and  farther 
affume,  that  fimilar  eleftricities  repel  each  other, 
and  contrary  eleftricities  attraft. 

By  the  aftion  of  the  rubber  on  the  cylinder, 
the  ele6tricit1es  of  the  rubber  are  decompofed ; 
that  the  vitreous  portion  is  feparated  and  given 
to  the  cylinder,  and  takes  back  as  much  refinous 
eleftricity ;  the  cylinder  gives  out  the  vitreous 
portion  it  has  juft  received  to  the  conduftor,  and 
receives  back  an  adequate  portion  of  refinous 
eleftricity ;  the  conduftor  imparts  this  vitreous 
portion  to  the  infide  of  the  Leyden  jar,  and  takes 
back  its  refinous  portion;  this  additional  vitre- 
ous portion  repels  the  vitreous  portion  from  the 
outfide,  while  the  refinous  portion  on  the  outfide 
is  attraSed  within.  At  this  period  there  is  no 
electricity  on  the  outfide,  but  what  is  uncombined  ; 
hence,  with  rapidity,  will  attraft  the  oppofite 
eleftricity,  when  it  meets  with  no  refiftance  *. 

If  fimplicity  is  an  argument  in  favour  of  any 
fyftem,  fuch  cannot  be  advanced ^in  favour  of 

•  The  experiments  adduced  by  Mr.  Atwood,  in  his  learned 
Analyfis,  in  favour  of  ;there  being  two  eleftricities,  will  here- 
after be  confidered. 


this; 


(     27  ) 

this ;  To  complicated  a  dodlrine,  and  fo  contrary 
to  every  otiier  chemical  operation,  that  it  need 
only  to  be  heard  to  carry  with  it  a  conviftion  of 
its  improbability.  We  are  firfl:  to  fuppofe,  that 
by  the  mechanical  aSion  of  the  cylinder  rubbing 
on  the  cufliion,  that  the  eleftricities  are  decom- 
pofed  and  exchanged  between  thefe  two  bodies. 
If  we  fuppofe  fuch  an  aftion  could  induce  fuch  a 
change  in  this  part,  how  is  the  difturbance  to 
take  place  on  the  conduftor?  Eleftricities  which 
fo  ftrongly  attra£l  each  other  to  be  fo  eafily  fepa- 
rated,  and  thofe  portions  remaining  which  ad:u- 
ally  repel  each  other,  is  a  chemical  inconfiftency 
beyond  our  powers  of  comprehenfion.  If  I  dif- 
engage  carbonic  acid  from  an  alkali  by  means  of 
the  citric  or  oxalic  acid,  could  it  be  fuppofed 
that  the  laft  union  could  be  itfelf  decompofed  by 
carbonic  acid  gas?  If  this  were  true,  what  would 
become  of  our  doftrines  of  affinity? 

Mr.  Read  endeavours  to  explain  the  pheno- 
mena of  atmofpherical  eleftricity,  by  fuppofing, 
that  wherever  pofitive  ele£tricity  exifts,  it  muft 
induce  a  correfponding  negative  ftate ;  and  that 
when  the  attraftion  of  thefe  two  eleSricities  is 
greater  than  the  refifting  medium,  they  rapidly 
unite,  and  at  the  point  of  union  are  inaftive;  to 
this  he  attributes  the  dark  fpot  we  fee  in  every 
fpark.  If  Mr.  Read  is  not  an  advocate  for  the 
doftrine  of  the  two  eleflricities,  as  he  has  previ- 
oufly  given  his  opinion  that  there  is  only  one  ekc^ 
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trie  fiuidi,:  I  camiot  comprehend  what  is  meant  by 
the  atlra^ion  of  a  negative. body,     r  . 

To  thi$  gentlcnjan  the  philofophical  wprld  is 
miuch  indebted  for  his  accurate  meteorological 
obfervations.  As  an.indiv'iidual,  I  fh.Quld^Kfartily 
join;  in  the  general  wifh',  that  he  would ipfirievere 
in  what  he  has  fo  ably  begun.  ■ 

In  the  year  1791,  ao  Effay  appeared,  not  very 
philofophically  written,  under  the  name  of  a  Dr. 
Peart,  in  terms  rather  illiberally  reprobating  the 
advocates  of  the  Franklinian,  fyftem.  .With, a  per 
culiar  modejly  this  gendeman  fays,  t:hat:,'*  his 
■principles  and  his  theory  alone  can  rationally  explain 
the  phenomena  oJ\  eleBricily,  which  never  will  be 
underjlood  unlejs  they  be  admi lied* If  Dr.  Peart 
means  that  the  fcience  of  eleftricity  w.ill  be  to  us 
unknown  till  his  principles  are  underftood,  then 
indeed  it  would  be  for  ever .  incomprchenfible. 
Ether  and  phlogiCton  are  words  cafually  caught 
hold  of,  without  any  relation  to  the  original  fig- 
nification  of  the  words.  Thefe,  he  fays,  "  are 
the  aftive  principles  which  produce  the  pheno- 
mena of  magnetifm,  eleftricity,  gravitation,  che- 
mical affinities,  light,  fire,  which  he  (g:aze5  at  with 
admiration."  It  is  unneceflary  making  any  com- 
ments on  a  fyftem  fo  incoherent  as  this. 

*  Dr.  Peai:t  on  Elearicity,  p.  87. 

Rev. 
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Rev.  Mr.  Bennetts  Syjlem, 


In  an  elegant  little  produftion  on  electricity, 
Mr.  Bennet  I'uppofes  eleftricity  may  be  a  mixed 
fluid,  and  that  one  of  the  component  parts  is  fuF- 
ficiently  fubtile  to  permeate  glafs.  This  decom- 
pofition  Mr.  B.  fiippofes  may  be  efFefted  by  con- 
denfation ;  that  -when,  by  the  aftion  of  the  ma- 
chine, the  eleftricity  is  accumulated  in  a  phial, 
as  the  accumulation  increafes,  the  fluid,  by  occu- 
pying lefs  fpace,  is  condenfed,  fo  that  the  por-* 
tion  which  can  permeate  glafs  is  forced  through, 
and,  by  uniting  with  the  furrounding  eleftricity, 
would  rarefy  it,  like  heat  diffufed  amongft  colder' 
bodies. 

This  fubtile  fluid  Mr.  Bennet  fuppofes  may  bft 
a  modification  of  light. 

If  fuch  were  the  cafe  with  eleQricity,  how 
fhould  we  be  enabled  to  explain  the  impofTibility 
of  charging  a  phial  when  infulated. 


Monf. 
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Monf.  De  Luc's  Theory. 

Volta  fuggefting  an  analogy  between  eleflric 
fluid  and  watery  vapours,  upon  this  Monf.  De 
Luc  has  endeavoured  to  form  a  fyftem  :  he  fup- 
pofes,  that  if  a  plate  of  glafs  was  equally  moift 
with  water  on  both  fides,  and  on  one  fide  a  quan- 
tity of  fteam  was  thrown,  the  fteam  would  be 
condenfed  on  that  fide,  and  increafe  the  quan- 
tity of  water,  while  the  fire,  with  which  it  was 
united,  will  pafs  through  the  glafs,  and,  uniting 
with  the  moifture  on  the  other  fide,  convert  it 
into  vapour ;  fo  that  while  the  water  on  one  fide 
was  accumulating,  that  on  the  other  fide  would 
be  diminifhing  *.  Thus  he  fuppofes  the  eleftric 
fluid  to  be  compofed  of  two  fubftances;  one  ca- 

*  Je  fuppofe  une  lame  de  verre,  ;1  la  temperature  des  corps 
environnans,  &  tapiffee  d'ean  des  deux  cotes.  Je  fuppofe  de 
plus,  que  des  -vapeurs  aqueufa,  plus  chandcs  que  cette  lame,  fe 
portent  a  une  de  fes  faces,  que  je  nommerai  A.  A  mefure  que 
ces  vapeurs  arrivent  au  contaft  de  la  lame,  il  sen  decompofe 
une  partie ;  \tfeu  latent  libere,  fe  r^pand  dans  toute  la  lame,  & 
I'eau  abandonnee  fe  joint  ii  celle  dont  la  face  A  etoit  deji  ta- 
pilTee.  Le  nouveau  feu  qui  arrive  I'aulre  face,  B,  y  produit 
I'efFet  contraire  a  legard  de  la  quantite  dVaa ;  car  il  aug- 
mente  levaporatjon  iur  cette  face;  ce  qui  y  diminue  cette 
quantite.    J.  A.  De  Luc  Idea  fur  la  Mctcorologie. 

pable 
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pable  of  permeating  glafs,  and  which  he  calls 
fluidc  deferent  eleUriqae ;  the  other  not  fo  fubtile, 
and  which  he  n^mes  la  matiere  ekBrique ;  and  that 
when  thefe  are  thrown  on  one  fide,  the  deferent 
fluid  pervades  the  glafs,  uniting  with  the  natural 
<}uantity  on  the  furface,  pafTes  off  through  the 
Jeaft  refitting  conduftor. 

To  this  theory  there  are  the  fame  objeftions  as 
to  Mr.  Bennet's;  and  moreover,  the  analogy 
here  is  not  very  corre6l ;  for  fteam  thrown  on 
the  plate  of  glafs,  arranged  as  he  defcribes,  would 
not  produce  the  efFe6i;  mentioned. 


Theory  of  the  Editors  of  tJie  Encyclopedia 
Britannica. 


In  this  work  the  identity  of  fre,  light,  and 
deHricity  is  endeavoured  to  be  proved ;  that  when 
light  is  intercepted  by  any  opake  body,  and  re- 
flefled,  heat  is  produced;  and  from  an  experi- 
ment of  the  incorreft  Monf.  Achard,  they  de- 
duce, that  heat  in  fummer  becomes  eleftric  fluid 
in  winter.  Cold  is  by  thefe  gentlemen  rendered 
a  pofitive  body,  and  the  refult  of  a  quiefcent 
ftateof  the  fame  fluid  ;  and  yet,  in  this  tranquil- 
lity, prefles  on  the  furfaces  of  bodies  and  contrads 

them. 


•Ihom;.:  Whe-rt  ites  fluid  diverge»'from  a  centrb, 
ibpbmtet! -asT'^ti^tj^fa'nd  ■  tti^n  '^,4p^nds  -bodies. 
Wil"ieniit;proceeds  in  ft>-aig5it  Elnd^'fyarallel  lines,  it 
:^aQ:s:  asMiglit;  'bitt  iil'Hhi-s  cafe  it'is'<yi¥ly  heat  \fhdn 
■'converged  ;  in  z  -'^kikfcmt  ^actiit  ftate  it  is  -eold  ; 
and:  when  in  a  ilate^A^hkh  I  do  "fiot  comprehend, 
it  produces  all  the  phenoi'nena  of  elcftr>Gity. 
.  ^he  ele£lric  fluid  thus  prepared,  thtey  fay,  when 
•it;iwcets  with  an '  eieftric  fubft'ance,  produce&^a 
ivibratory  motion;  'wben  with  <:ohdu6ling  fiiB- 
iftances,  a  progreflive  bnfi  t  thus  ifl'l|^ie>l•y  charged 
phial  there  is  a  violent  irhpulfe  or  vibration  of  the 
fluid  outward  frqm  the  pofitive,  and  inward  to 
the  negative  fide.    The  preflure  of  the  pofitive 
fide,  in  difcharging,  yields  to  the  prefTure  of  the 
negative  fide,  and.^  runs  along  Uie  .  conduftoc ; 
when  it  approaches  the' negative  fide  bf  the  bot- 
tle, meeting  with  more  of  t1ie  fame  kind,  the 
current  of  which  is  direfted  the  fame  way,  both 
together  break  through  the  air  with  a  violent 
'flafli  and  crack,  ^  and  all  appearances  ofr  elcftricity 
rCeafe. 

The  firft  principles  which iare  ihete  afliimed  re- 
-fpeding  the  vibratory  and  progreffive'  motions, 
are  too' hypothetical  to  be  admitted dthd  even  if 
tthefe  were  granted,  the  fubfequent  reafoning  is  a 
'tilTue  of  unphilofophical  deddiftions.    A  fyfterti 
fo  wild  is  not  congenial  to' the  ufual  accuracy  of 
-Edinburgh  writers.    The  part  devoted  to  this 
fcienee  feems  to  have  been  undertaken  by  one 

who 
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who  is  neither  a  theoretical  nor  praflical  eledri- 
cian ;  and  who,  by  colleding  a  number  of  fcattered 
remarks,  has  given  them  in  that  deranged  manner 
they  appear  in  this  work. 

All  the  theories  heretofore  mentioned  require 
as  data  principles  which  can  no  ways  be  granted ; 
to  make  ufe  of  the  words  attraBion  and  repulfioUy 
is  no  more  than  faying  that  the  infide  of  a  Leyden 
Phial  can  be  charged  when  the  outfide  communi- 
cates with  the  cufhion  or  the  earth.  When  it  is 
alTumed,  that  eleftricity  is  a  fluid  compofed  of  two 
principles  which  are  decomposed  by  any  mecha- 
nical a6lion,  we  have  no  illuftrative  analogy  in 
nature. 

In  the  fubfequent  attempt  to  explain  the  phe- 
nomena of  ele6lricity  on  mechanical  principles, 
I  have  diverted  myfelf  of  terms  which  imply  the 
exiftence  of  myfterious  powers.  I  regard  elec- 
tricity as  a  fluid  amenable  to  the  fame  laws  as  all 
other  matter  that  is  cognizable  to  our  fenfes. 
The  theory  I  now  fubmit  to  the  Public  is  the  re- 
fult  of  a  variety  of  experiments ;  and  any  thing 
I  have  affumed  as  a  datura,  I  hope  the  reafons  I 
have  advanced  will  prove  fatisfaftory. 


F 


A  NEW 


A  NEW  THEORY 

OF 

THE  LEYDEN  PHIAL 


Air,  pure  and  unmixed,  ponefTes  little  or  no 
elediricity ;  in  fuch  a  ftate  it  would  form  one  of 
the  beft  non-condu6lors.  This  is  a  ftate  in  which 
ii  never  naturally  cxifts;  it  holds  in  folutioa 
tnore  or  lefs  water,  and  as  this  is  a  conducing 
medium,  replete  with  eleftricity,  the  non-con- 
dufting  power  of  air  is  deftroyed  in  proportion 
to  the  quantity  of  water  with  which  it  is  united. 

Let  us  fuppofe  A  B,  Fig.  3,  to  reprefent  a 
fmall  column  of  particles  of  air  and  eleftriciiy ; 
the  circles  to  reprefent  particles  of  air,  and  the 
triangles  particles  of  eledricity.  In  this  cafe 
we  fee  the  columns  fo  equally  divided,  that  there 
are  four  particles  of  air  between  two  particles  of 

eleftricity^ 
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eleflricity;  In  this  ftate  they  perfeftly  equalize 
each  other,  and  fo  long  as  undifturbed  remain 
tranquil;  as  if  it  were  a  tube  filled  with  water, 
communicating  with  a  bladder  replete  with  the 

P  fame  fluid ;  fo  long  as  the  refiftance  in  the  tube  is, 
equal  to  that  in  the  bladder,  there  would  be  an 
equilibrium;  if  the  balance  fhould  any  ways  be 
defl:royed,  and  no  change  whatever  could  be  in- 
duced without  altering  the  counterafting  powers, 
the  difference  of  ftates  would  appear  till  a  refto- 
ration  takes  place. 

So  with  this  aerial  column;  a  particle  of  elec- 

||  tricity  added  to  the  particle  i,  neareft  to  B,  can- 
not be  added  but  by  changing  the  relative  fitua- 
tion  of  the  aerial  particles.  The  particles  of  air 
contiguous  to  the  additional  portion  of  eledricity 
will  have  the  refiftance  of  two  particles  on  one 
end,  and  only  one  particle  on  the  other.  The 
particles  of  air  cannot  difplace  the  fingle  particle 
of  eleftricity  without  overcoming  the  refiftance 
of  the  fecond  portion  of  aerial  particles ;  fo  that 
in  an  elaftic  fluid  like  air,  the  particles  in  the 
firft  column  will  be  more  comprefled  than  thofe 
in  the  fecond;  and  the  fecond  more  than  the 
third;  and  the  third  more  than  the  fourth;  fo 
that  the  approximation  of  the  aerial  particles,  in 
confequence  of  the  eleftrical  addition,  will  be  in 
the  inverfe  cubic  ratio  of  their  diftances  from  the 
frefti  added  eleftricity. 

F  2  If 
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If  a  condudling  fubftance,  a  medium  replete 
with  eleftricity,  and  through  which  the  eledric 
particles  meet  with  very  little  refiftance,  be  ap- 
plied to  the  accumulated  particles  at  B,  there 
will  be  lefs  refiftance  in  paffing  through  the  con- 
ducing body  than  ading  againft  the  particles  of 
air. 

When  no  fucb  conducing  fubftance  is  applied, 
the  air  is  agitated,  is  not  only  evident  from  the 
eleQrical  thermometer,  but  alfo  when  the  broad 
end  of  an  egg  ftiell,  with  the  pellicle  forming  a 
bladder  of  air,  lies  within  an  inch  of  the. circuit 
of  a  large  battery,  and  during  the  difcharge, 
fwells  atid  burfts,  and  which  demonftrates  an  ex- 
panfion  of  the  air. 

The  quantum  of  eleftricity  in  the  atmofphere, 
added  to  the  refiftance  of  the  aerial  particles,  is 
always  a  counterbalance  to  the  large  quantity  dif- 
fufed  through  condufting .  fubftances.  When» 
from  any  circumftance,  a  larger  quantity  ftiould  be 
thrown  into  the  conducing  fubftances,  columns 
of  elcdrical  particles  will  cauf?  the  air  to  recede, 
there  will  be  as  many  columnar  lines  as  there  are 
points  on  its  furface  ;  the  diftance  to  which  it 
forces  the  air  marks  what  is  called  the  eleflrical 
atmofphere. 

Thus  in  whatever  place  eledricity  is  accumu- 
lated, it  is  accumulated  by  difpoflefling  the  air  of 

its 


its  fituation  ;  owLog  to .  tljis  ,  circijiinftance.  is  tber 
formation  of  fairy  rings  and  N^'aterufpouts  *, 

*  Fairy  rings. — In  Nottinghamflure  and  the  adjacent  conn-  ' 
tries  are  frequently  feen  burnt  annular  maflts  on  the  grafsj,  about ' 
four  or  five  yards  in  diameter  ;  the  foil  abAUt  thefe  parts  is  ob- 
ferved to  be  richer,  and  fungufes  abound  there.    The  country 
people  imagine  they  are  formed  by  the  glowing  feet  of  the  little 
fairies  dancing  in  a  ring  :  this  is  explicable  on  elefirieal  princi- 
ples.   All  the  phenomena  of  atmofpherical  fele^lficity  depends 
upon  the  different  aerial  portions  5  frorrt  a  variety  of  circurh- 
ftances,  there  may  be  one  portion  of  air  containing  more  or  lefs  - 
eleftricity  than  another;  in  equalizing  themfelves,  they  dif- 
place  the  intervening  portions  of  air,  and  the  phenomena  of 
thunder  and  lightning  enfues  j  immeoliately  after  the  report,  a 
wind  is  always  obferved  to  move  towards  that  place.    If  the 
diftance  between  two  clouds  fhould  be  greater  than  the  fum  of  ' 
tile  diftances  from  each  cloud  to  the  earth,  the  earth,  as  a  con- 
duifting  body,  will  be  the  medium  of  equalization.    If 'a  cloud  ' 
or  ftratum  lof  air,  replete  with  eleftricity,  fliould'  be  near  the 
earth's  furface,  difplacing  the  air  all  around,  is  equally  re-a£led  ' 
on  by  the  air,  and  confequently  will  affume  a  cylindrical  form. 
When  ftriking  on  the  earth,  that  part  can  only  be  burnt  which 
is  in  contaft  with  the  air,  and- which  neceffarily  muft  be  the'cir-  " 
cular  line  bounding  the  cylinder. 

Water  fpouts. — Dr.  Stuart,  who  has  given  fonie  excellent  re- 
prefentation  of  water  fpouts,  fuppofed  the  water  drawn  up  by 
fuftions.  Dr.  Franklin  fuppofed  that  a  vacuum  was  induced  by 
concentrated  currents  of  air,  and  that  the  water  was  forced  up. 
From  a  variety  of  circumftances  they  appear  to  be  eledlrical 
columns,  when  difperfed,  being  attended  with  a  flafh,  and  dif- 
perfed  by  conducing  fubltances.  If  an  eleftrical  column  palTes 
over  water,  and  entirely  difplaces  the  air,  water  is  a  conduilor, 
and  confequently  no  refiftance  to  that  fluid ;  hence  the  outer  air 
will  force  the  water  up  to  thirty  feet,  or  till  the  column  of  water 

become* 
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becomes  a  counterpoife  to  its  preflure.  Water  fpouts,  in  gene- 
ral, are  about  the  lize  of-  the  maft  of  a  large  ftiipj  when  they 
fall  upon  a  folid  body,  as  a  fliip,  a  maft  or  part  of  the  rigging 
will  in  general  be  feparated,  there  being  the  adlion  of  151b.  on 
every  fquare  inch  ;  fo  that  a  water  fpout,  fix  feet  in  diameter, 
will  be  equivalent  to  50001b.  Dampier  tells  us  that  he  faw 
one,  fo  large  in  its  progreflive  motion,  went  over  a  fhip  becalmed 
on  the  coaft;  of  Guinea,  firft  threw  her  down  on  one  fide,  and 
carried  away  her  fore  maft,  and  in  an  inftant  paffed  to  the  .other, 
and  carried  away  her  mizen  maft. 

When  thefe  eleitrical  columns  fall  on  land,  they  "produce  the 
phenomena  of  whirlwinds,  which  tear  up  trees,  remove  hay 
ftacks,  &c. 

When  thefe  columns  fall  on  the  fcorched  fands  of  Arabia, 
they  arc  elevated,  moving  along  with  the  wind,  conftituting 
what  are  called  the  rno-ving  pillars  of  the  difart.  In  thefe  heated 
countries  the  air  is  fo  dry,  almoft  a  perfe6l  conduttor,  and  in- 
lulated  from  the  earth  by  the  parched  fand.  I,arge  extent  of' 
cleftric  matter  moves  almoft  in  a  pure,  uncombined  ftate,  ap- 
]>caring  like  a  blufli  in  the  Heavens,  rapidly  moving;  producing 
all  the  efFeits  of  an  abftraftion  of  air,  by  fufFocating  every  ani- 
mal expofed  to  its  influence:  and  even  its  efFefts  are  felt  acrofs 
the  Mediterranean,  as  far  as  the  ftiores  of  Italy,  forming  the 
Siroco  of  Volney,  or  the  Simoom  of  Bauce. 


Of 


(    39  ) 


Of  the  different  States  of  EleEiricity  in  the 
fame  Condudor,  -when  brought  -within 
the  Influence  of  an  infulated  Condu6lor^ 
zohich  has  more  or  lefs  than  its  natural 
Quantity  of  Eledricity, 

Suppofing  A  B,  CD,  Fig.  4,  two  brafs  or 
other  metallic  cylinders,  placed  in  a  right  line 
with  each  other  and  infulated,  if  the  conduQor 
A  B  fhould  be  pofitive,  or  have  more  than  its 
na^tural  quantity,  and  brought  within  an  inch  or 
two  of  the  infulated  conduftor  C  D,  the  end  C 
will  be  negative,  and  D  pofitive. 

Upon  a  firfl;  view  it  appears  difficult  to  conceive 
how  there  could  be  different  degrees  of  eleftri- 
city  in  a  conducing  body,  where  there  is  fuch 
freedom  for  equalization. 

If  A  B  has  more  than  its  natural  quantity,  fuch 
excefs  will  form  an  eleftrical  atmofphere,  as  be- 
fore defcribed,  round  the  cylinder  A  B.  The 
excefs  cannot  pafs  to  C  D,  becaufe  of  the  re- 
fillance  of  the  intervening  particles  of  air.  The 
air  being  ad^ed  on,  as  before  mentioned,  by  the 
eleQricity  being  thus  accumulated  on  the  furface 
of  the  conduftor,  the  particles  of  electricity  ly- 
ing 
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ing  about  the  furface  of  the  end  of  the  conduQor 
Cab,  meets  with  lefs  refiftance  in  pafling  into 
conduftor  C  D;  but  the  end  D  c  d  will  be  out  of 
the  inlluence  of  the  conduftor  A  B;  having  thus 
an  accumulated  quantity  of  eleftricity,  will  en- 
deavour to  equalize  itfelf.  In  this  cafe  it  will 
have  to  overcome  the  refiftance  of  the  aiir  D  cd; 
on  this  account  there  will  be  an  increafed  quan- 
tity in  the  end  D  c  d ;  but  the  eleftricity  round 
the  furface  Cab  prelfing  into  the  conduftor,  and 
forcing  the  natural  quantity  to  the  end  D,  will 
have  a  deficiency  of  eledricity ;  thus  C  will  be 
negative,  and  D  pofitive.  The  deficiency  in  the 
end  C  cannot  be  fupplied  from  the  condudor  A  B, 
becaufe  of  the  intervening  plate  of  air;  fo  that 
a  pofitive  conduflor,  thus  fituated  with  refpeft 
to  another,  does  not  immediately  difturb  the  na- 
tural  quantity  of  eleQricity  exifting  in  the  other 
condu6lor,  but  by  afting  on  the  Intervening  air, 
the  eleflric  particles  diffufed  in  the  air  riot  meet- 
ing with  any  refiftance  in  the  conducing  medium, 
pafs  into  this,  and  force  forwards  the  natural 
quantity. 

If  A  B  be  brought  fo  near  to  C  D  as  to  en- 
tirely overcome  the  refiftance  of  the  air,  then 
C  D  would  not  po{fefs  unequal  portions. 

This  may  be  illuftrated  by  the  following  analo- 
gical experiment :  the  end  of  a  poker  being  made 
red  hot,  when  removed  from  the  fire  I  placed 
the  thermometer  on  the  other  end,  and  afcer- 

tained 
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tained  its  temperature  to  be  58".  I  held  the  ther- 
mometer there  while  I  immerfed  the  heated  end 
in  a  velTel  of  cold  water;  the  thermometer  at 
the  cool  end  rofe  ten  degrees :  thus  we  find  that 
the  contra6tion  which  takes  place  on  the  furface 
of  the  heated  end,  forced  the  caloric  to  the  other 
end,  and  thus.increafed  its  temperature;  fo  that 
in  this  cafe  the  caloric  is  accumulated  at  one  end 
by  the  abftraftion  of  it  from  the  other  end  :  thus 
the  air  round  the  furface  being  renderecl.  nega- 
tive, and  will  give  negative  figns  to  any  con- 
duftor  brought  within  its  influence. 

Let  us  fuppofe  one  hundred  particles  of  elec- 
tricity naturally  round  the  furface  G  a  b  ;  as  the 
preffure  of  fluids  is  ahvays  equal  in  every  direc- 
tion, there  is  lefs  refiftance  in  thefe  particles  of 
eleOiricity  entering  into  the  fubftance  of  the  con- 
duftor  C  D,  than  to  re-aft  on  the  air.  As  Cab 
is  already  in  pofreflion  of  its  natural  quantity,  it 
can  receive  no  farther  addition,  unlefs  by  re- 
moval of  its  natural-quantity;  this  will  be  drove 
towards  the  end  D  c  d,  as  there  is  lefs  refiftance 
in  this  direction  than  in  any  other;  for  the  air 
round  the  end  C  a  b,  by  being  thus  comprefTed, 
will  refift  more  than  the  air  round  the  end  D  c  d; 
fo  that  the  power  with  which  the  furrounding 
medium,  afts  on  the  end  Cab,  will  be  exaflly 
equal  to  the  refiftance  attending  the  impulfion  of 
the  natural  quantity  of  eleftricity  forwards,  added 
to  the  refiftance  of  the  furrounding  air  about  D  c  d. 

G  Thefe 
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Thefe  hundred  particles  contiguous  to  the  fur- 
face  Cab,  are  no  ways  equal  to  the  accumulated 
quantity  round  the  condu6lor  B  ;  but  no  more 
e!e6lrical  panicles  can  be  forced  into  the  end  C, 
but  what  are  contiguous  to  it ;  and  the  conduftor 
C  D  not  being  pervious  to  the  air,  the  compref- 
lion  of  the  air  will  only  be  diminifhed  by  the 
li'umhier  of  eleftrical  particles  thus  abftrafted. 
In  this  (late,  any  body  poffefling  its  natural  quan- 
tity of  eleftrioity  will  impart  a  quantity  till 
brought  into  a  ftate  of  equalization  with  the  fur- 
rounding  air :  thus  the  fufpended  pith  balls  will, 
to  equalize  themfelves  with  the  part  where  they 
are  fufpended,  lofe  a  |)ortion  of  their  natural 
quantity  ;  in  this  ftate  the  balls  will  not  be  in  ba- 
lance with  the  air  which  furrounds  them ;  hence 
V^ill  diverge,  as  before  explained. 

For  the  natural  eleftricity  of  the  body  will  be 
under  tl")e  fame  impulfe  from  the  furrounding  air 
as  the  conduftor;  thus  feathers,  pith  balls,  &c. 
will  diverge  by  negative  eleftricity  when  applied 
to  C,,  and  by  pofitive  eledricity  when  applied 
(o  P ;  and  thef(i  portions  cannot  equalize  them- 
felves with  refpeft  to  electricity,  although  in  one 
and  the  fame  conducing  fubftance,  fo  long  as  the 
impulfe  at  C  lliall  be  equal  to  the  refiftance  to  its 
egrefs  at  D,  added  to  the  quantity  of  -ekftricity; 
in  faft,  t,he  momenta  are  equal.  If  there  is  one 
particle  of  eleftricity  in  the  end  C  drove  for- 
wards by  a  power  equal  to  ten,  it  will  counterba- 
lance 
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lance  two  particles  at  D,  which  could  juft  over- 
come the  refinance  of  five. 

If  a  non-condufting  fubftance,  as  a  plate  of 
glafs,  was  applied  between  B  and  C,  there  would 
be  no  impulfe  communicated  to  the  air  contigu- 
ous to  C,  becaufe  the  impulfe  from  B  could  not 
overcome  the  refiftance  of  the  glafs  ;  and  in  this 
cafe  the  condu6lor  C  D  would  remain  undif- 
turbed. 


The  Application  of  thefe  Principles  to  the 
Explanation  of  the  Leyden  Phial, 


Let  M  S  be  a  Leyden  Phial,  Fig.  5,  infulated 
on  a  (land  Q ;  let  it  be  coated  to  a,  b,  on  each  fide, 
and  let  N  M  exprefs  the  fingle  column  of  air  and 
eleftricity,  as  it  naturally  exifts  on  the  infide,  and 
M  O  a  fimilar  column  on  the  outfide.  Suppofing 
the  proportion  as  before  affumed,  viz.  between 
two  particles  of  eleftricity  four  particles  of  air, 
and  let  O  R  be  a  wire,  or  any  other  conducting 
fubftance,  which  may  be  applied  occafionally  to 
the  outfide  coating  b  O,  and  let  P  be  the  con- 
ducing fubftance,  conne6led  with  the  prime  con- 
duftor  of  an  eleQric  machine. 

G  2  la 
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In  this  fituation  it  mull  appear  evident  that  the 
column  M  N  is  an  exaft  counterpoife  to  the  co- 
lumn MO;  if  an  additional  particle  of  elec- 
tricity fliould  be  thrown  into  the  column  M  N, 
fiich  cannot  take  place  without  producing  the 
effefls  as  before  defcribed. 

Let  I,  2,  3,  Fig.  6,  exprefs  three  columns,  fo 
fituated  as  to  be  prevented  extending  their  lengths, 
by  refifting  bodies  m  n,  op.  In  the  column  2 
there  is  an  additional  particle  of  eleftricity  ;  fucli 
could  not  be  forced  in  without  compreffing  the 
particles  of  elcftricity  and  air  in  that  column  ; 
therefore,  in  order  to  force  in  a  particle  of  elec- 
tricity, I  muft  make  ufe  of  a  power  equal  to  the 
refiftance.  If  in  the  third  column,  I  fliould  force 
a  greater  number  of  ele6lrical  particles;"  by  ftill 
farther  compreffing  the  fuperior  particles  of  air 
and  elcflricity,  1  (hall  have  to  overcome  greater 
refinance,  and  mufl  exert  power  accordingly. 

If,  for  every  additional  particle  of  eleQricity 
in  the  column  M  N,  Fig.  5,  a  particle  of  elec- 
tricity is  abftrafted  from  the  outfide,  they  will 
then  be  in  a  ftate  of  equality.  If,  then,  a  con- 
ducting fubftance,  as  OR,  be  applied  to  the  ex- 
ternal coating,  there  would  be  lefs  refiftance  in 
pafTing  through  here  than  by  compreffing  the  air. 

Inftead  of  the  columns  of  particles  of  air  and 
cleftricity  bemg  in  their  original  proportion,  viz. 
between  every  particle  of  eledricity  four  particles 
.of  air,  if  fucli  a  quantity  fliould  be  accumu- 
lated 
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lated  in  the  column  M  N,  as  to  be  equal  in  num- 
ber to  the  particles  of  air,  then  the  refiftance  to 
the  air  would  be  four  times  greater,  adting  on  the 
column  M  b  O  with  this  additional  force;  fo  that 
whilftthe  column  MN  acquires  an  increafed  power 
by  the  addition  of  electricity,  the  column  M  O 
acquires  an  increafed  power  of  refiftance  by  the 
abftraftion  of  eletlric  particles.  On  this  ac- 
count, in  the  column  M  O,  the  particles  of  air  are 
in  a  ftate  of  greater  approximation  than  the  par- 
ticles of  air  in  the  column  M  N ;  that  this  is  the 
cafe  is  evidenced  to  the  fenfes,  by  the  experiment 
afore  mentioned  of  the  aerial  pellicle  withinfide 
an  egg* 

If  the  particles  of  ele6lricity  in  the  column 
M  O  do  not  communicate  with  fome  condu6:or, 
there  can  be  no  accumulation  in  the  column  M  N, 

In  this  cafe  there  is  no  medium  through  which 
can  be  forced  any  of  the  particles  but  the  elec- 
trical ;  by  a  powerful  compreffing  force  caloric 
may  be  difengaged  from  the  air;  this  muft  be  by 
a  force  greatly  fuperior  to  the  accumulation  of 
ele6lricity;  the  particles  of  air  cannot  permeate 
folid  bodies.  If  there  fhould  be  a  free  and  eafy 
palTage  for  the  eleftricity,  then  the  abftraftion 

*  The  condenfation  of  the  air  from  the  difcharge  of  cannon 
or  blowing  up  of  powder  magazines  have  been  known  to  elec- 
trify ■windows. 

from 
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from  the  one  portion  will  allow  of  the  addition 
to  another. 

If  the  Leyden  jar  fhould  be  infulated,  fo  that 
the  wire  R  O  be  removed,  the  glafs  pillar  Q  will 
not  allow  of  any  pafTage ;  by  being  a  non-con- 
ductor, contains  little  or  no  eledricity  in  itfelf, 
and  confequenily  cannot  admit  of  any  impulfe; 
hence  the  neareft  courfe  will  be  O  G,  making  it 
i.  column  M  O;  but  the  addition  of  a  fingle  par- 
ticle of  eleftricity  added  to  M  N,  cannot  over- 
come the  longer  column  M  G;  and  this  mull  be 
overcome  to  admit  of  any  increafe  in  the  co- 
1  lumn  M  N;  as  this  cannot  be  done,  there  can  be 
DO  accumulation  within. 


On  the  metallic  Coating. 


In  the  early  (late  of  ele£lricity  jars  were  filled 
with  water,  and  immerfed  in  the  fame  fluid  to  a 
correfponding  height ;  when  the  fuperior  advan- 
tages of  the  outfide  having  a  metallic  coating 
was  fhewn  by  Dr.  Bevis,  Dr.  Watfon  then  lined 
the  infide  with  tin  foil. 

Atmofpheric  air,  we  have  already  obferved,  is 
a  very  imperfeft  conductor,  and  no  ele£lricity 
can  be  accumulated  in  this  fluid,  but  in  thofe 

parts 
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parts  that  were  in  contad  with  conduGlors ;  thus 
to  charge  a  jar  uncoated  within,  the  conducing 
wire  muft  be  moved  round  to  every  part;  by  hav- 
ing the  wire  connected  with  a  metallic  coatings 
the  accumulated  eleQricity  is  immediately  dif- 
fufed,  fo  as  to  be  of  an  equal  intenfity ;  there 
being  no  refiftance  to  the  equalization,  one  part 
cannot  be  in  a  ftate  of  excefs  with  refpeft  to 
another,  the  metallic  coating  having  more  than 
its  natural  quantity,  is  more  than  a  balance  to  the 
furrounding  air,  and  confequently  imparts  fo 
much  to  the  aerial  portion  contiguous  to  it,  till 
its  own  excefs  and  the  refiftance  of  the  air  be- 
comes equal.  The  quantity  of  eleftricity  im- 
parted in  the  firft  inftant  by  being  thus  diffufed, 
is  not  of  an  equal  intenfity  with  the  wire  con- 
nefted  with  the  prime  conductor ;  a  fecond  por- 
tion is  communicated  and  dilfufed,  and  thus  the 
procefs  goes  on  till  the  coated  furface,  the  ftratum 
of  air,  the  wire,  and  the  prime  condu6lor,  are  ia 
perfefl  balance ;  then  the  jar  will  not  admit  of 
any  farther  charge. 

So  the  outfide  coating,  if  removed,  in  vain 
could  we  charge  the  jar,  unlefs  over  every  por-^ 
tion  of  the  correfponding  part  to  the  infide  coat- 
ing we  had  a  conducing  body;  this  could  no 
ways  be  fo  etfeftually  done  as  by  a  coating  all 
around;  the  impulfe  upon  the  column  M  O,  Fig. 
•5,  will  caufe  the  eleftrical  particles  at  b  to  ad 
equally  all  around ;  there  being  lefs  refiftance  ia 

the 
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the  metallic  coaung,  a  particle  of  elcflricity  is 
impelled  from  thence ;  the  lofs  of  any  portion  of 
eleftricity  from  any  one  part,  ffie  deficiency  be- 
comes general ;  in  this  ftate  poffLfles  lefs  elec- 
tricity than  to  balance  the  furirounding  air;  fo 
that  all  the  ele61ricity  in  the  air,  in  conta£l  with 
the  coating,  becomes  gradually  unloaded;  fo  that 
the  ftate  of  the  external  part  is  precifely  the  re- 
verfe  to  the  internal  coating,  both  with  refped 
to  the  coatings  and  the  air. 

Metallic  coatings  have  hitherto  been  confidered 
as  only  conneding  media;  they  not  only  anfwer 
this  important  purpofe,  but  likewife  confiderably 
increafe  the  quantity  accumulated  ;  according  to 
their  condu£ling  powers,  they  pofTcfs  more  or 
lefs  eleflricity,  hence  will  admit  of  a  larger  quan- 
tity to  equalize  them  with  the  futrounding  media. 
This  is  the  reafon  why  the  difcharge  varies  ac- 
cording to  the  nature  of  the  conducing  medium  ; 
a  jar  filled  with  water  will  not  admit  of  the  fame 
charge  as  when  coated  with  tin  foil;  the  more 
perfeft  conduftor  th^  coating  fubftance  is,  the 
higher  the  difcharge  :  red  copper  is  the  beft  con- 
dudor  yet  known ;  if  jars  were  lined  with  it, 
the  charge  would  be  greater  than  with  tin  foil. 

Dr.  Franklin  was  induced  to  believe  that  the 
coating  anfwered  no  other  purpofe  than  a  con- 
neQing  medium  ;  when  he  had  charged  a  coated 
bottle  of  water,  by  pouring  out  the  water  he 
found  the  bottle  was  equally  difcharged.    If  we 

have 
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have  a  tnoveable  metallic  lining,  and  after  charging 
remove  the  lining,  and  after  being  unloaded  re- 
place it,  the  difcharge  we  do  not  find  exactly  equal 
to  what  it  was  before  the  difturbance. 

From  this  it  is  by  no  means  to  be  inferred  that 
the  coating  is  only  a  conneding  medium.  When 
the  bottle  is  charged,  let  us  fuppofe  the  coating, 
air  on  the  furface,  &c.  have  three  times  more 
ele6lricity  than  natural ;  in  this  Hate  they  jceep 
each  other  in  balance.  When  the  coating  is 
drawn  to  the  upper  part  of  the  jar,  it  is  then  in 
conta£l  with  air  not  fo  highly  charged,  and  im- 
parts its  own  excefs ;  by  thefe  means  the  balance 
withinfide  th6  jar  and  without  is  preferved,  for 
the  coating  evinces  very  little  figns  of  ele6lricity 
when  removed  from  the  jar.  In  replacing  the 
coating,  in  paffing  through  the  air  in  the  upper 
part  of  the  jar,  it  gradually  recovers  what  it  had 
loft,  being  then  in  a  comparative  diminiOied  ftate, 
and  thus  the  charge  is  nearly  the  fame. 


H  Of 
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Of  the  Situation  of  the  refpeEiive  Coatings. 

Although  the  utility  of  metallic  coatings  on 
each  fide  may  be  acknowledged,  yet  the  neceffity 
of  their  being  exa£lly  correfponding  and  exa£lly 
oppofing  each  other,  in  order  to  produce  the 
greateft  charge,  may  not  at  firft  view  appear  fo 
obvious. 

Let  A  B,  Fig.  7,  reprefcnt  a  feClion  of  a  Ley- 
den  pane  of  glafs;  if  ab  be  the  coated  furface  on 
one  part  or  fide,  then  d  c  ought  to  be  the  coated 
furface  on  the  other,  in  order  to  produce  the 
greateft  effeft. 

Let  us  fuppofe  one  fide  coated  d  c,  and  the 
fame  extent  of  furface  b  e  on  the  other  fide,  but 
not  oppofed  to  it ;  if  b  e  is  the  charged  furface, 
and  the  eleflric  columns  ading  all  around, 
but  the  column  b  A  is  greater  than  the  column 
A  d,  the  lofs  fultained  by  this  will  be  the  quan- 
tity of  eleftric  fluid  equivalent  to  the  refiftance 
of  the  column  ab,  being  the  difference  between 
the  two  columns  bA  and  Ad;  but  eB  is  lefs 
than  B  c ;  in  order  to  overcome  the  greater  co- 
lumn B  c,  it  will  require  an  additional  power 
equal  to  be,  the  diff"crence  between  Be  and  Be; 
fo  that  a  pane  thus  coated  will  require  an  accu- 
mulation 
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muladon  of  eledricity  on  the  coated  furface 
equivalent  to  the  abftraftion  from  the  furface  c  d, 
and  to  overcome  the  refiftance  ab,  be;  fo  that 
if  the  difference  be  fo  much,  as  in  this  cafe,  the 
plate  cannot  be  charged,  it  muft  appear  evident, 
that  when  the  column  and  fpaces  on  each  fide  the 
coated  furfaces  are  equal,  there  is  lefs  refiftance 
to  overcome ;  and  thefe  fpaces  can  only  be  equal 
when  the  coatings  are  direflly  oppofite  to  each 
other. 

When  a  jar  is  charged,  fuch  cannot  be  dif- 
charged  without  the  fame  quantity  of  electricity 
being  reftored  to  its  negative  fide  ;  if  this  be  in- 
fulated,  we  cannot  by  any  means  abflraft  the  ac- 
cumulated portion  of  eleftricity  on  the  charged 
fide ;  the  ftate  of  the  air  on  the  one  fide  is  an 
exaft  counterpoife  to  the  accumulated  eleftricity 
on  the  other.  If  the  accumulated  eleftricity  is 
removed,  the  air  muft  recover  its  original  fitua- 
tion ;  and  this  cannot  be  done  but  by  means  of 
the  reftoration  of  the  eleftric  particles;  in  the 
infulated  ftate  this  is  imprafticable,  and  therefore 
the  jar  cannot  be  difcharged.  If  a  communica- 
tion is  formed  between  the  infide  and  outfide  of 
the  jar,  the  part  of  the  condudlor  communicating 
with  the  infide  will  abftra£t  a  quantity  of  elec- 
tricity, in  order  to  be  of  equal  intenfity ;  this 
will  be  diffufed  through  the  communicating  rod, 
and  immediately  tranfmitted  to  the  negative  fide  ; 
fo  that  the  inftant  a  portion  is  given  to  the  dif- 
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charging  rod  at  the  one  end,  it  is  forced  out  at 
the  other;  fo  that  although  we  may  fuppofe  it 
tranfmitted  in  different  portions,  as  the  velocity 
is  fo  great,  that  the  whole  appears  to  be  tranfmit, 
ted  at  once,  the  particles  of  air  being  in  a  ftate 
of  expanfion  on  the  infide,  and  of  condenfation 
on  the  outlidc,  the  rapid  reftoration  produces  the 
report  *. 

When  a  jar  is  about  half  an  inch  or  three 
quarters  thick,  it  is  incapable  of  being  charged. 
Let  AB,  Fig.  8,  be  the  column  of  eleflricity 
and  air  on  each  fide  a  glafs  of  this  thicknefs;  the 
column  A  muft  aft  in  the  direction  C  D  B;  at  C 
not  only  a€ts  in  the  direftion  D,  alfo  e;  at  D 

*  After  the  firft  difcharge  there  generally  remains  a  quantity 
of  eleflricity  fufficient  for  a  fmall  difcharge ;  this  is  called  the 
refiduum,  where  the  jar  fpontaneoufly  difcharges,  the  refiduum 
is  very  fmall  to  when  equalized  with  a  difcharging  rod. 

The  accumulated  eleftricity  in  contaft  with  the  metallic  coat- 
ings, in  confequence  of  this  chain  of  conneaion,  is  difcharged 
at  once ;  this  is  not  the  cafe  with  the  portions  of  air  lying  on 
the  uncoated  furface.  When  the  coatings  have  equalized  them- 
felves,  they  are  then  in  a  different  ftate  to  the  ftate  of  air  above 
them;  the  infide  coating  will  abftraft  a  portion  of  eleftricity, 
and  the  outfide  coating  will  give  out  fome  of  its  acquired  elec- 
tricity: this  will  render  a  fmaller  charge.  Thcfe  fmall  charges 
accumulated  in  a  battery  will  produce  confidertble  effeft.  The 
refiduum  alone  of  tbe  Haarlem  apparatus,  made  by  Mr.  Cuth- 
bertfon,  melted  two  feet  of  wire. 

V.  Defcription  dune  tres  grande  Machine  Ekarique  place 
dans  le  Mufeum  de  Teyler,  a  Haarlem,  par  Martinus  van 
Marum. 

a6ls 
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a(5i:s  in  the  direftion  f  as  well  as  B ;  and  B  D  C 
being  a  column  much  longer  than  C  A,  from 
thefe  united  circumftances  they  prevent  any  ac^ 
cumulation  in  the  column  A,  becaufe  the  firft 
additional  portion  of  eleftricity  is  not  fufficient 
to  overcome  the  refiftance  of  B  D  C.  This,  as 
in  every  other  cafe,  demonftrates  the  neceffity  of 
an  equality  fubfifting  between  thefe  columns,  in 
order  to  admit  of  a  proper  charge. 


A  Leyden  Phial  zoill  admit  of  different 
Charges^  according  to  the  Powers  of  the 
Machine. 


To  the  young  eleftrician  it  appears  furprifing 
why  a  jar  cannot  be  as  powerfully  charged  by  a 
fmall  machine  as  it  can  hy  a  larger  one  ;  the 
only  difference  would  appear,  that  it  would 
compenfate  in  time  what  it  wanted  in  power.  I 
have  already  fhewn  that  a  fmall  plate  or  cylinder 
will  not  accumulate  fo  much  eledricity  as  a  larger 
one,  although  fo  arranged  as  to  have  the  fame 
furfaces  rubbed  in  the  fame  time ;  when  a  larger 
machine  has  its  proportioned-fized  rubber,  the 
quantity  produced  will  be  proportionably  greater. 
If  in  the  Leyden  phial  we  fuppofc  a  machine  fo 
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fmall  as  to  throw  in  every  excitement  a  fingle 
particle  of  eledricity,  there  would  only  then  be 
formed  a  fingle  column.  If  the  machine  ftiould 
be  fo  large  as  every  excitement  to  pour  in  four 
particles  of  eleftricity,  in  this  cafe  the  charge 
will  be  made  as  fcon  again,  and  twice  the 
ftrength;  as  ading  equally  every  way  two  columns 
will  be  formed,  and  fo  on  in  the  ratio  of  the 
powers  of  the  machine :  thus,  by  one  of  Mr. 
Cuthbertfon's  two-feet  plate-machines,  a  coated 
furface  of  one  foot  will  admit  of  fuch  a  charge 
as  to  melt  two  or  three  inches  of  wire,  which 
in  vain  could  be  attempted  by  a  cylinder  of  equal 
furface. 


Spontaneous  Difchargc. 


When  the  air  is  very  dry,  from  the  greater 
refiftance  to  the  eledric  fluid,  fewer  columns  are 
formed ;  thofe  which  are  formed  are  formed  more 
rapidly,  fo  that  the  accumulated  eleflricity  M  N, 
Fig.  5,  in  the  infide  of  the  glafs,  extending  up- 
wards above  M,  |hc  refiftance  between  the  equa- 
lization of  the  oppofite  column  being  diminifhed, 
this  is  overcome,  and  the  phial  is  fpontaneoufly 
difch^rged.    If  wc  diminifli  this  non-conducling 

power 
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power  of  the  air,  by  breathing  into  the  jar,  the 
cleftricity  meeting  with  lefs  refiftance,  by  the 
difFufion  of  this  conducing  fubftance,  the  accu- 
mulated particles  of  eleftricity  may  proceed,  not 
only  upwards,  but  alfo  laterally  in  the  dire6lion 
I,  2,  3,  4,  Fig.  5 ;  fo  that  a  greater  number  of 
colunms  will  be  formed,  a  greater  quantity  of 
eleftricity  accumulated,  without  any  fpontaneous 
difcharge. 

That  the  accumulated  eleQricity  a£ls  equally 
every  way  is  evident  from  its  breaking  through 
the  fides  of  the  glafs,  if  made  thin,  either  by  a 
fpontaneous  difcharge,  or  by  determining  the 
whole  accumulation  to  one  particular  part  by  the 
difcharging  rod. 


Explication  ojjounc  EleElrical  Phenomena. 


Mr.  Atwood  had  obferved,  that  if  there  were 
an  interrupted  circuit  of  wires,  about  twelve 
feet,  conneaed  at  one  end  with  the  infide  of  a 
jar,  and  the  other  end  with  the  outfide,  that  in 
charging  the  jar  fparks  of  eleftricity  appeared, 
as  if  proceeding  from  each  end  of  the  wire,  and 
extending  gradually  to  equal  diftances,  till  they 
approached  each  other,  and  were  then  difcharged. 

Mr. 
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Mr.  A.  fuppofes  this  a  demonftration  of  there 
being  two  eleftricities,  aftive  when  in  a  ftate  of 
feparation,  and  paffivc  when  united.  This  appear- 
ance is  eafily  explicable  on  the  preceding  princi- 
ples; in  charging  the  jar,  every  additional  para- 
de thrown  into  the  jar  will  force  out  a  particle 
from  the  ouifide;  the  infide  of  the  jar,  in  equa- 
lizing itfelf  with  the  conducting  wire,  will  impart 
fo  much  as  to  equalize  itfelf.  This  firft  accumu- 
lation, on  account  of  the  divifion  of  the  con- 
ductor, may  extend  fix  inches ;  after  fuch  a  dif- 
fufion,  it  becomes  too  weak  to  ftrike  through  the 
little  intervening  portions  of  air;  after  a  fecond 
excitement  of  the  machine,  it  may  be  tranfmitted 
twelve  inches,  and  fo  on,  till  it  has  arrived  at  fix 
feet.  As  exactly  the  fame  quantity  of  electricity 
is  thrown  off  from  the  outfide,  the  fame  appear- 
ances mull  take  place,  pafling  through  equal 
fpaces  in  precifely  the  fame  time;  fo  that  each 
proceed  fix  feet,  the  communication  is  formed, 
and  the  charge  is  unloaded. 

When  eleCtric  fparks  are  paffed  through  a  par- 
tially-exhaufted  tube,  the  faintnefs  in  the  middle 
has  been  fuppofed  to  be  owing  to  the  union  of  the 
two  electricities;  this  faintnefs  is  regulated  by  the 
form  of  the  inftrument.  If  a  perfeCt  cylindrical 
one,  as  is  fometimes  ufed  for  the  Guinea  and 
Feather,  and  two  even  plates  of  brafs,  applied 
one  at  bottom,  and  the  other  at  the  top,  the  elec- 
tricity is  then  univcrfally  diffufed,  and  no  parti- 
cular 
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calar  faintnefs  in  any  part.  If,  as  ufually  made, 
with  a  ball  at  one  end,  and  a  point  at  the  other, 
the  whole  is  explicable  on  the  common  principle 
of  elaftic  fluids,  the  eleftricity  proceeding  from 
the  ball  in  a  diverging  dire£lion,  as  it  diverges 
muft  be  fainter;  the  leaft  refilling  direction  it 
can  afterwards  move  in  muft  be  in  direft  lines 
to  the  conducing  fubftances;  hence  will  appear 
converging,  and  thus  concentrating  will  be  more 
luminous. 


Pofitive  and  Negative  Light. 


When  a  conducing  fubftance  polfelfes  more 
than  its  natural  quantity,  in  giving  it  out  freely 
to  the  furrounding  air  will  be  ramified,  and  in  the 
form  of  a  brufli. 

If  the  conducing  fubftance  fhould  be  in  a  ftate 
oF  deficiency,  the  eleftricity  in  the  air  will  not 
be  fo  freely  tranfmitted ;  it  will  only  appear 
like  a  little  luminous  fpot  or  ftar  on  the  con- 
ductor. 

Thefe  different  appearances  merely  depend 
upon  the  different  freedom  with  which  the  excefs 
ij  tranlmitted. 


I 
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Points. 


Mr.  Hopkinron,  one  of  the  Pennfylvanian  ex- 
perimentalifts,  expefting  that  by  means  of  points 
he  could  concentrate  the  eleftric  fluid,  and  thus 
have  a  more  powerful  fpark,  was  furprifed  to  find 
little  or  none.  Dr.  Franklin,  with  his  ufual  li- 
berality, having  firft  fuppofed  that  this  might 
depend  on  the  attraftion  being  in  proportion  to 
the  furfaces,  confefTes  that  this  explanation  is  the 
beft  he  could  offer,  yet  did  not  think  it  fatis- 
faftory. 

Volta  and  other  eleftricians  have  fuppofed 
points  are  coatings  to  an  infinitely  fmall  plate  of 
air. 

Upon  the  preceding  principles,  the  theory  of 
points  admits  of  an  eafy  folution. 

Any  conduffing  fubftance  in  a  pofitive  ftate  of 
elearicity  will  aa  as  a  centre  to  the  aerial  por- 
tions all  around,  and  which  will  recede  in  con- 
centric circles;  that  a  conduaor,  whofe  furface 
is  large,  will  neceffarily  require  a  power  to  dif- 
turb  or  difplace  its  own  elearicity,  in  proportion  - 
to  its  extent  of  furface.  If  there  fhould  be  a 
thoufand  particles  of  elearicity  in  the  expofed 

furface 
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furface  of  a  conduftor,  it  would  require  a  propor- 
tionate number  of  particles  to  difturb  them  ;  or 
if  a  fewer  number,  an  additional  power  j  if  only 
100,  each  particle  muft  be  impelled  by  a  power 
ten  times  greater  than  if  one  thoufand.    In  a 
point,  comparatively  fpeaking,  there  is  but  a  fin- 
gle  particle  ;  and  confequently,  if  the  point  comes 
to  the  verge  of  the  circumference  of  the  fphere 
formed  round  the  conducing  body,  it  will  admit 
of  a  fingle  comprefled  particle ;  this  particle  be- 
ing removed,  another  fucceeds,  and  thus  the 
point  filently  fteals  the  fluid  away;  while  a  body 
■with  a  furface  muft  enter  into  that  fphere,  till  it 
arrives  at  that  part  where  the  eleilricity  of  the  air 
can  overcome  the  refiftance  of  the  fluid  in  the 
condudor. 


ESSAY 


ESSAY  . 

ON 

MEDICAL  ELECTRICITY. 


J.  HAVE  already  obferved,  that  all  fluids  yet 
known,  except  air  and  oil,  contain  more  or  lefs 
eleftricity,  and  will  freely  allow  its  ingrefs,  as 
well  as  egrefs.  As  the  human  body  is  principally 
conftituted  of  fluids,  it  is  replete  with  eleftricity, 
and  fenfible  to  the  lead  difturbance.  A  perfon 
infulated,  giving  a  fpark  of  eleftricity,  is  not 
identically  the  fame  portion  he  received  from  the 
machine,  but  an  equal  quantity  forced  out  of  his 
body  by  the  impulfe  of  that  he  received  from  the 
conduftor.  When  thus  connedled  with  an  elec- 
trical machine,  a  man,  become  a  part  of  the  con- 
duftor,  participates  of  the  intenfity,  and  equa- 
lizes with  the  whole. 

Upon 
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Upon  this  confideration,  the  human  body  we 
niufl;  regard  as  a  fubftance  through  which,  in 
every  part,  eleftricity  is  difFufed ;  fuch  being  the 
cafe,  there  can  be  no  farther  addition  but  what 
an  adequate  portion  will  either  be  tranfmitted  to 
fome  conduQor,  or  form  an  eleftrical  atmofphere 
round  the  body,  as  before  defcribed. 

Obedient  to  the  fame  general  laws  by  which 
fluids  are  governed,  the  ele61ric  matter,  upon 
any  impulfe,  moves  in  that  direftion  where  it 
meets  with  the  leaft  refiftance ;  and,  as  being  an 
elaftic  fluid,  the  force  of  the  impulfe  will  be  in 
the  inverfe  cubic  ratio  of  the  diftance  of  any 
part  from  the  line  of  diredion. 

If  a  perfon  takes  a  very  gentle  fhock,  he  only 
experiences  an  uneafy  fenfation  at  the  tip  of  his 
fingers ;  if  the  fhock  is  a  litde  itronger,  he  feels 
it  about  his  arms ;  if  flronger,  it  agitates  his 
body. 

It  is  very  eafy  to  comprehend  why  we  fliould 
experience  the  eleftrical  fenfation  at  the  extre- 
mities when  conne6led  with  the  Leyden  phial; 
the  quantity  of  eleQricity  entering  the  body  has 
in  that  part  to  overcome  the  refiftance  of  the 
ele£lricity  inherent  in  the  fingers;  from  the  fin- 
gers the  impulfe  is  tranfmitted  through  the  body; 
the  fingers  which  are  in  connexion  with  the  ne- 
gative fide  of  the  bottle  in  pafling  out,  has  to 
overcome  the  refiftance  of  the  egrefs,  and  thus 
the  fenfation  is  induced. 

If 
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If  the  impulfe  is  more  violent,  the  effe£ls  of 
the  impulfe  will  be  more  extended. 

In  the  human  body  we  can  either  increafe  or 
diminifii  the  natural  quantity  of  electricity,  or 
dillurb  the  relative  fituation  of  the  whole. 

Abbe  Nollet  obferving  that  fluids  in  capillary 
tubes  flowed  quicker  when  eleftrified,  on  this 
account  he  furmifed,  that  by  fuch  means  the  cir- 
culation of  the  fluids  might  be  much  increafed : 
he  tells  us  that  he  found  animals  diminifli  in 
weight  by  eledricity,  and  that  a  young  man  loft, 
in  five  hours  ele£lrifying,  feveral  ounces  more 
than  his  ufual  quantity. 

Kratzeuftcin,  ProfelTor  of  Halle,  fays,  by 
means  of  eleftricity  he  raifed  a  man's  pulfe  from 
80  to  88. 

Sauvages,  the  celebrated  nofologift,  alTures  us 
that  the  pulfe  is  increafed  about  one-fixth.  Monf. 
Gerhard  fays,  that  in  irritable  people  it  is  in- 
creafed double  (V.  Mem.  Berlin.  Acad.).  Ca- 
vallo  mentions  that  both  the  negative  and  pofitive 
increafe  the  pulfe  about  one-fixteenth.  In  order 
to  afcertain  whether  ele6lricity  would  increafe  the 
pulfe,  it  was  accurately  tried  by  the  following 
gentlemen,  vi^.  Dr.  Deiman,  Van  Marum,  "\''an 
Trooftwyk,  and  Cuthbertfon,  with  the  powerful 
apparatus  at  Haarlem ;  the  pulfe  of  no  one  was 
in  th'eleaft:  influenced  either  by  negative  or  pofi- 
tive elcftricity.  I  have  frequently  tried  myfelf, 
as  well  as  others,  when  in  health  or  indifpofed,  yet 

have 
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have  never  obferved  any  increafe  in  the  circula- 
tion. 

The  efFeft  of  eleSricity  is,  by  difturbing  the 
natural  quantity  inherent  in  any  part  of  the  hu- 
man frame,,  and  by  thus  altering  the  aflion  of 
that  part,  inducing  certain  changes. 

That  fuch  changes  may  be  conducive  to  health, 
it  becomes  requifite  for  the  adminiftrator  of  me- 
dical eledricity,  to  well  afcertain  the  feat  of  the 
complaint,  to  know  the  different  fenfibilities  of 
the  different  parts,  and  the  effect  of  eleftricity 
upon  them. 

There  are  many  complaints  which  would  be 
confiderably  aggravated  by  the  imprudent  ufe  of 
eleftricity,  and  a  great  number  of  other  affec- 
tions, which  could  no  ways  be  benefited  by  this 
important  agent,  unlefs  carefully  applied. 

To  apply  eleQricity  to  the  region  of  the  dia- 
phragm in  the  fame  manner  we  would  to  a  rheu- 
matic affedion  of  the  extremities,  what  proflra- 
tion  of  flrength  would,  be  the  confequence  ;  that 
exquifitely  fenfible  feptum  by  fuch  an  adion 
would  be  deranged  in  its  fun£lions,  and  refpira- 
tion  for  a  time  impeded.  It  would  not  be  again 
reftored  till  the  lungs  were  diftended  by  a  fighing 
infpiration,  and  the  diflurbance  footbed  in  a  flood 
of  iears. 

So  in  paralytic  affe£lions  in  any  derangement 
of  the  nervous  fyflem ;  to  prodtice  any  good  ef- 
feO.,  the  impulfe  mufl  be  made  on  the  fource  of 

the 
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the  complaint ;  in  the  palfied  extremity  to  apply 
eleftricity  to  the  foot  alone,  no  advantage  could 
everarife;  we  ought  in  this,  as  in  every  other 
cafe,  to  attend  to  the  fource  of  the  difeafe  before 
we  can  afford  the  wiflied-for  relief. 

Medicines  are  principally  confined  in  their  ac- 
lion?  on  the  ftomach,  and  fome  few  can  be  com- 
municated to  the  lungs ;  to  all  other  interior 
parts  we  poffefs  no  power  of  determining  any 
particular  medicine,  unlefs  eleftricity  be  regarded 
as  fuch  :  this  principle  we  can  dired  in  what  man- 
ner we  pleafc.  The  mufcles,  ligaments,  or  even 
folid  bones,  are,  as  it  were,  capacious  veffels, 
affording  eafy  tranfmiffion  to  this  fluid;  and,  as 
we  can  regulate  the  power  at  pleafure,  we  are 
thus  in  poffeflion  of  an  aftive,  penetrating  princi- 
ple, by  which  we  can  produce  a  variety  of  anions 
in  different  parts. 

It  is  a  law  in  the  animal  economy,  that  two 
different  aftions  cannot  exift  in  any  one  part  of 
the  human  frame  at  one  and  the  fame  time  ;  when 
the  natural  ac^on  is  any  ways  altered,  it  will  be 
removed  by  inducing  another  that  will  counteraft 
it.  We  ought  to  be  extremely  careful  that  the 
aSion  we  induce  be  exadly  proportionate  to  the 
nature  of  the  derangement.  If  a  part  affefled 
fliould  be  in  a  ftate  of  great  irritability,  or  la- 
bouring under  any  violent  inflammatory  affec- 
tion, the  complaints  would  be  aggravated  by  the 
difturbance  of  elcftricitv.    All  thofe  cafes  which 

appear 
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appear  to  be  connedled  with  diminifhed  powers 
of  life,  as  in  dull,  deep-feated  obtufe  pains,  or 
any  interruption  to  the  funftions  of  the  nervous 
fyftem,  or  by  the  increafe  of  any  fecretion,  in 
thefe  eleftricity  is  highly  beneficial. 

As  the  influence  of  eleftricity  on  our  organi- 
zation can  only  be  afcertained  by  a  careful  at- 
tention  to  its  eft'c6ls,  thofe  cafes  in  which  it  has 
proved  beneficial  I  fliall  curforily  particularife. 

The  order  I  fhall  adopt  will  be  in  the  forma- 
tion of  the,  human  frame,  beginning  with  the 
head,  and  ending  with  the  feet. 


Oj  the  Injliunce  of  EleElricity  in  Affedions 
of  the  Head. 

In  that  fpecies  of  head-ach  which  is  not  very 
acute,  but  attended  with  a  ftupor  and  drowfinefs, 
and  often  with  a  fenfation  of  coldnefs  in  the  pof- 
terior  part  of  the  head,  in  thefe  cafes  fome  gen- 
tle Clocks  fent  from  the  occiput,  or  the  hind  part 
of  the  head,  to  the  fore  part,  will  very  often  af- 
ford inftantaneous  relief.  The  fizedjar  I  gene- 
rally ufe  on  thefe  occafions  contains  18  fquare 
inches  coated  furface,  and  the  eleftrometer,  either 
Lane's  or  Cuthbertfori's,  about  three-eighths  of 

K  an 
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an  inch  from  the  condu£lor;  by  having  this  ad* 
iheafurement,  the  quantity  of  eledricity  is  afcer- 
tained,  and  thus  a  regularity  obferved. 

In  thofe  fpecies  of  head-achs  which  are  at» 
tended  with  fever  and  acute  throbbings,  fhocks 
would  prove  pernicious ;  by  irritating  the  fore- 
head and  temples  by  eleftrical  fparks,  fo  as  to 
induce  a  rednefs  exteriorly,  the  determination  of 
blood  to  the  interior  parts  would  thus  be  dimi- 
niflied,  and  relief  afforded. 

When  the  pain  of  the  head  is  fixed  to  a  point, 
it  is  called  clavus  hyftericusj  it  is  generally  con- 
fined to  a  fpace  on  the  forehead,  and  which  may 
be  covered  by  a  fliilling.  In  aff'edlions  of  this 
nature,  both  fparks  and  fliocks  may,  with  ad- 
vantage, be  employed.  A  gentleman,  about  30 
years  of  age,  of  full  plethoric  habit,  and  at  pre- 
fent  refides  in  Whitehall,  applied  to  me,  between 
two  and  three  years  ago,  for  a  complaint  of  the 
above  nature.  By  means  of  a  ftimulant  embro- 
cation, bleeding,  and  the  exhibition  of  hemlock, 
the  complaint  was  removed.  In  about  eight 
months  after  he  had  another  attack,  which  con- 
tinued obftinate,  notwithftanding  bleeding,  cup- 
ping, bliftering,  and  the  moft  aftive  remedies 
were  made  ufe  of.  On  the  fourth  day  after  this 
attack  I  ele6lrified  the  part  by  means  of  fparks, 
till  the  whole  furface  of  the  part  affedled  was  al- 
moft  in  a  ftate  of  vefication  :  the  relief  experi- 
enced was  not  very  confiderable*    The  next  day 

fome 
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fome  very  gentle  fliocks  were  pafied,  abput  30  in 
number;  for  about  an  hour  after  they  produced 
a  general  head-ach,  but  not  violent ;  the  fixed 
pain  was  confiderably  diminifh<sd.  On  the  third 
day  after  the  exhibition  of  eleftricity,  the  fanae 
number  of  fliocks  was  repeated,  taking  care  that 
the  negative  fide  of  the  bottle  communicated  with 
that  part  where  the  greateft  adion  was  to  be  in- 
duced*. The  pain  was  nearly  removed,  and 
the  fubfequent  application  of  a  few  fparks  en- 
tirely removed  the  complaint.  Since  then  he  has 
had  another  attack,  in  which  eledricity  being 
early  applied,  the  pain  was  foon  removedo 


Tooth-ach  and  Ear-ach. 


I  have  been  informed  that  thefe  pains  have 
been  removed  by  eledlricity.  I  have  once  tried 
a  fmall  fhock  in  the  tooth-ach  ;  the  pain  was  ag- 
gravated by  the  difturbance:  nor  in  cafe  of  vio- 
lent ear-ach  would  I  recommend  the  application 
of  eleftricity  to  the  memhrana  tympani.  Strong 

*  There  is  greater  aftion  induced  by  the  egrefs  of  the  elec- 
tric fluid  than  by  the  ingrefsj  on  this  account,  that  part  con- 
nefted  with  the  outfide  or  the  negative  fide  of  the  phial,  is  more 
afted  on  than  the  part  connected  with  the  infide, 

K  2  fparks 
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fparks  applied  to  the  contiguous  parts  will  often 
afford  confiderable  relief;  in  thefe  cafes  they  aft 
as  other  flimulating  applications  would ;  by  bring- 
ing an  inflammation  externally,  that  internally 
will  be  diminifhed. 


Gutta  Serena. 


When  the  fibrillae  of  the  retina  have  undergone 
that  change  as  to  be  no  longer  fenfible  to  the 
imprelBons  of  light,  conftitutc  what  is  called  a 
gutta  ferena. 

Whether  the  affeftion  be  in  the  optic  nerve, 
or  in  the  fibrillae  of  the  retina*,  the  fource  of 
the  complaint  is  too  deep  feated  to  be  influenced 
either  by  aura  or  by  fparks ;  thirty  or  forty  gen- 
tle fliocks  fliould  be  fent  through  the  retina  late- 
rally, as  well  as  tranfverfely ;  this  is  a  cafe  which 
requires  very  confiderable  perfeverance.  If  elec- 

*  When  the  gutta  ferena  is  Independent  of  any  qther  affec- 
tion, from  variety  of  circumftances  it  appears  that  the  fibrillje 
of  the  retina  are  the  only  part  affcdted ;  were  the  nerve  affected, 
it  would  be  difficult  to  explain  the  reafon  of  the  ocular  fpeftra 
which  perfons  partially  affliiled  experience.  For  the  theory  of 
this  fibrillae,  the  reader  muft  be  referred  to  fome  Phyfiological 
Eflays  lately  publiflied  by  C.  Wilkinfon, 

tricity 
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iricity  is  exhibited  in  the  earlier  ftate  of  this  dif- 
eafe,  a  change  is  foon  induced  in  the  ocular 
fpeftra,  and  an  increafe  of  fenfibility  arifes;  if 
the  difeafe  fliould  have  beef)  of  fome  years  con- 
tinuance, the  body  fhould  be  thrown  into  a  very 
irritable  ftate  by  mercury,  then  the  retina  will 
become  confiderably  influenced  by  the  ftimulus 
of  eleftricity. 

Few  we  find  who  haye  fufficient  refolution  to 
perfevere  in  the  ufe  of  this  principle,  when  its 
adminiftration  for  a  length  of  time  is  requifite: 
fuch  ought  to  ferioufly  refleft,  that  in  all  de- 
rangements of  the  nervous.fyftem  relief  can  never 
be  quickly  afforded;  and  it  furely  muft  be  more 
gratifying  to  the  human  mind,  by  adopting  fuch 
means  as  n)ay  ultimately  alleviate,  than  by  relin- 
quidiing  themfelves  to  a  ftate  of  defpair. 

Although  many  cafes  of  confirmed  guttse  fe- 
rense  have  refifted  every  effort,  yet  there  are 
many  who  have  experienced  confiderable  relief, 
and  which  may  always  be  expefted  when  this 
complaint  is  properly,  treated  in  its  earlier  ftage. 


Dcqfntfs^ 


C  70  ) 


Whether  deafnefs  arifes  from  a  relaxation  of 
the  membrana  tympanic  or  a  defeflive  energy  of 
the  auditory  nerve,  in  either  cafe  eledricity  will 
be  found  beneficial. 

When  the  membrane  is  relaxed,  there  is  gene- 
rally attending  a  deficiency  in  the  fecretion  of 
wax.  Sparks  fent  through  a  wire,  covered  wi^h 
a  glafs  tube,  introduced  into  the  meatus,  will  be 
directed  towards  the  membrana  tympani ;  and 
confiderahle  advantage  is  often  experienced  by 
introducing  the  eleftric  tube  into  the  mouth  to 
the  Euftachian  tube. 

A  boy,  about  fourteen  years  of  age,  I  had 
under  my  care,  who  had  been  deaf  for  five  or  fix 
years  :  Eleftricity  was  applied  in  this  manner  for 
a  confiderahle  time;  he  was  recommended  to  fre- 
quently eat  crufts  or  other  hard  fubftances ;  the 
action  requifite  for  fuch  a  purpofe  often  inducing 
a  fecretion  of  wax*,  in  fix  or  feven  weeks  he 

was 

*  I  made  this  obfervation  from  a  boy  I  formerly  had  under 
my  care  for  deafnefs  ]  every  means  we  adopted  we  could  not 

induce 
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was  confiderably  relieved.  I  ventured  in  this 
cafe  to  pafs  fome  very  gentle  fhocks  through 
the  Euftachian  tube,  the  menibrana  tympani,  and 
the  meatus. 

A  gentleman  who  was  frequently  troubled  with 
a  difagreeable  humming  noife  in  one  earj  and 
which  often  terminated  in  a  loud  crack  :  This 
appeared  to  be  owing  to  a  relaxation  of  the  flefhy 
orifice  of  the  Euftachian  tube,  and  occafionaliy 
uniting;  thus  the  air  preffing  on  that  part  of  the 
menibrana  tympani  towards  the  mouth,  being  thus 
prevented,  a  free  egrefs  would  necelTarily  inter- 
rupt any  regular  vibratory  trpmors  of  the  mem-r 
brana  tympani,  and  thus  induce  a  fenfation  con- 
fufed  and  indiftinft.  When  by  the  aftion  of  the 
included  air  the  union  was  feparated,  fuch  aa 
evolution  would  be  attended  with  a  kind  of  re- 
port :  by  means  of  a  curved  glafs  tube  fparks  of 
cleftricity  were  direfted  to  the  part,  and  a  gargle 
made  of  bark  and  camphor  was  ufed  after  every 
time  ele6lricity  was  employed ;  in  the  courfe  of 
twelve  days  every  uneafy  fenfation  was  removed. 

When  deafnefs  is  congenite,  the,  labyrinth, 
inftead  of  being  filled  with  water,  is  found  re- 
plete with  an  inelaftic  cafeous-like  fubftance,  in- 

induce  a'fecretiott  of  wax.  The  boy  cafually  indulged  himfelf 
m  eating  horfe  beans,  generally  keeping  a  quantity  in  his 
pocket;  the  ftrong  a6tion  requifite  for  their  maftication  at  laft 
induced  a  plentiful  cenuminous  fccretion,  and  his  deafnefs  was 
confiderably  removed, 

capable 
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capable  of  tranCmitting  any  imprefliohs;  in  this 
unfortunate  ftate  of  deafnefs  electricity,  as  well 
as  every  other  means  which  have  been  praftifedj 
proves  inefficacious. 


Paralytic  AffcEtions  arifmg  from  an  altered 
State  of  the  Brain. 

Paralytic  affeftions  mbre  often  oiiginate  from 
what  Dr.  Cullen  terms  apoplexia  nervofa,  than 
from  any  mechanical  compreffion  arifing  from  the 
rupture  of  any  vefTcl*.  In  the  greater  numbfcr 
of  apople6lic  heads  which  have  beeh  examined, 
no  effufion  has  taken  place ;  and,  on  the  contrary, 

*  That  intclleiftual  derangement,  even  in  cohfequence  of  any 
depreflion  of  the  {kuU,  is  not  to  be  folely  attributed  to  the  me- 
chanical compreffion  as  the  proximate  caufe.  Mr.  Abernethy- 
and  fome  other  eminent  pra£lilioners  have  inconteftibly  proved, 
that  many  extenfive  depreffions  of  the  cranium  may  take  place 
without  any  mental  derangement  j  and  that  in  fucli  cafes  the 
trephine  thould  not  be  employed.    In  the  hydrocephalus  inter- 

-xius  fome  children,  we  fee,  where  the  fymptoms  have  been  ra- 
pid, and  yet  comparatively  a  fmall  accumulation  in  the  ventri- 

.  cles,  while  in  others  the  progrefs  is  (low,  and  yet  a  very  confi- 
derable  watery  depofit :  thefe  fhew  that  the  liate  of  fome  brains 
is  more  eafily  difturbed  than  in  others  j  and  compreffion,  when 
it  produces  derangement,  it  at'^s  more  remotely  than  as  a  proxi- 
mate caufe. 

inftances 
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inftances  have  been  known  where  a  confiderablQ 
efFufion  has  taken  place  without  any  fubfequent 
inconvenience  *. 

As  this  ftate  is  the  more  common,  is  the  reafon 
why  eleftricity  is  fo  frequently  found  beneficial 
in  paralytic  cafes;  no  aftion  could  be  induced  in 
the  nervous  fyftem,  or  in  the  brain,  but  by  the 
medium  of  fo  penetrating  a  principle  as  that  of 
eleSricity. 

When  the  body  is  partially  afFe£led,  an  infen- 
fibility  confined  to  one  fide,  it  is  then  termed 
hcemiplegia ;  fuppofing  it  is  the  left  fide  which  is 
affefted,  the  part  of  the  brain  which  is  deranged 
is  on  the  right  fide.  If  the  continuation  of  the 
brain  in  the  courfe  of  the  fpine  fliould  be  affefted, 
then,  the  infenfibility  will  be  confined  to  the  parts 
below  the  morbid  derangement. 

Thus  in  every  paralytic  cafe,  what  part  the 
derangement  originates  from,  fliould  be  firft  af- 
certained,  and  the  power  of  the  eledricity  fhould 
be  regulated  by  this,  as  well  as  by  the  ftate  of 

*  This  is  the  cafe  of  a  perfon  who  was  admitted  Into  the. 
hofpital }  fix  months  previous  to  his  admiffion  he  had  an  apo- 
pleftic  fit,  of  which  he  recovered  5  the  complaint  for  which  he 
was  admitted  into  the  hofpital  was  no  ways  connefted  or  depen- 
dent upon  the  apoplexy :  he  died.  On  his  head  being  exa- 
mined, a  confiderable  quantity  of  gnimous  blood  was  found  in 
a  coagulated  ftate  upon  the  dura  mater,  and  had  all  the  thick 
difcoloured  appearance  pf  long-efFufed  blood. 

L  con- 
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conftitution.  Particularifing  one  or  two  cafes 
will  fufBce  for  the  reft. 

Mr.  Smith,  of  Lambeth,  recommended  by 

.  i  Smirke,  Efq.  R.  A.:  about  five  or  fix 

weeks  previous  to  my  feeing  him  he  experienced, 
on  rifing  out  of  bed,  a  confiderable  numbnefs  of 
the  left  hip  and  thigh,  and  fuch  an  inability  of 
walking,  as  to  confine  him  to  his  home,  attended 
with  no  pain. 

Jan.  1,  1798.  Sent  fifty  fhocks  from  the  lum-- 
bar  vertebrae  to  the  knee,  the  jar  one  pint,  eled- 
trometer  three-eighths  of  an  inch. 

2d.  Eleftrometer  at  the  fame  diftance,  eighty 
difcharges. 

3d.  Ditto  ;  now  enabled  to  walk  two  miles. 

4th.  Eleftrometer  three-eighths,  difcharges  two 
hundred  and  thirty. 

5th.  Ditto,  ditto  one  hundred  and  thirty. 

6th.  Vefications  induced  on  the  legs ;  applied 
fpirits  to  them. 

7th.  EleQrometer  three-eighths,  difcharges  one 
hundred. 

9th,  Quite  recovered,  and  at  this  period  per- 
fcdly  well. 

Dec.  30,  1797. — Mr.  Flack,  firft  horn-player 
at  Drury-Lane  Theatre,  attacked  with  an  hemi- 
plegia, and  which  paralyfed  the  mufcles  of  the 
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right  fide  of  the  face,  particularly  the  orbicular, 
the  zygomatic,  and  buccinator,  and  which  en- 
tirely prevented  him  blowing  the  horn. 

The  furfaces  of  thefe  mufcles  were  inflamed 
every  day  by  the  irritation  of  pov/erful  fparks ; 
in  the  courfe  of  a  fortnight  he  was  enabled  to 
take  his  part  in  the  orcheftra. 

Mr.  Evan  Elli«,  an  ornamental  japanner  in 
Long-Acre,  about  twelve  months  previous  to  his 
application  to  me,  was  attacked  with  paralytic 
fymptoms,  induced  by  the  poifon  of  lead ;  his 
hands  were  perfeftly  infenfible  :  recommended  to 
me  by  Mr.  Cuthbertfon,  the  celebrated  electri- 
cian. 

A  pint  bottle  charged,  eleQrometer  half  an 
inch,  fent  from  the  cervical  vertebrae  to  the  fin- 
gers forty  difcharges :  the  next  day  the  hands 
were  confiderably  fwelled ;  the  flefh  brufh  was 
recpmmended.  Every  day  the  number  of  fliocks 
were  increafed;  in  three  weeks  he  fo  much  reco- 
vered as  to  be  enabled  to  exercife  his  trade. 

Some  paralytic  affeftions  feem  not  to  be  in- 
fluenced by  eleftricity:  fome  cafes  I  have  had 
under  my  care,  where  the  exhibition  of  this 
principle  for  a  confiderable  time  has  not  induced 
the  leaft  change  :  whether  this  difi'erence  is  regu- 
lated by  the  conftitution  or  the  degree  of  ner- 

L  2  vous 
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vous  derangement,  I  have  not  yet  been  able  to 
afcertain  *. 


Indurations  of  the  CEfophagus  and  Trachea. 


When  the  ocfophagus  or  throat  is  fo  contrafted 
as  not  to  admit,  without  great  difficulty,  the 
fmalleft  folid  portion,  and  this  originating  from 
any  induration  near  the  pharynx,  an  abforption 
may  be  induced  by  the  ftiniulus  of  eleftricity. 
One  gentleman  I  have  at  prefent  under  my  care, 
from  the  recommendation  of  Dr.  Baillie,  and  in 
whom,  for  fome  months,  the  capacity  of  the  ocfo- 
phagus was  fo  much  diminifhed,  that  with  diffi- 
culty even  liquids  were  fwallowed. 

He  began  with  a  few  gentle  fparks ;  in  the 
courfe  of  four  or  five  days  very  fmall  ffiocks  were 
fent  through  the  induration  :  in  about  three  weeks 
he  was  enabled  to  fwallow.  fmall  portions  of  meat, 
and  now  the  induration  is  very  fenfibly  difperfing. 

•  To  particularlfe  every  cafe  would  be'fwelllng  the  work  be- 
yond its  intended  limits ;  here  it  is  only  purj^ofed  to  curforily 
mention  thofe  complaints  where  eleftricity  may  prove  bene- 
ficial. 

In 
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Ib  the  croup,  or  indurations  of  the  trachea, 
eleftricity  employed  early  might  prove  beneficial; 
whether  it  would  fo  or  not  I  have  not  had  an  op- 
portunity of  trying. 


Spafmodic  AJlhma. 

r 

As  this  appears  to  originate  from  an  altered 
aftion  of  the  air  vefTels  of  the  lungs,  a  gentle 
difturbance  of  them  by  means  of  very  mild  fhocks 
might  tend  to  reftore  them  to  their  original  ftate^; 
fo  in  affeftions  of  the  diaphragm,  a  gentle  (hock 
fent  through  here  immediately  removes  the  hic- 
cup ;  and  in  that  diftrefsful  obflinate  difeafe, 
known  by  the  name  of  the  diaphragmatic  gout,  a 
confiderable  alleviation  might  be  expected :  in 
this  exquifitely-fenfible  part  the  utmoll  degree  of 
prudence  is  requifite. 

In  atonic  dates  of  the  ftomach,  dyfpepfia,  ht, 
eleflricity  has  been  found  very  beneficial. 

Relaxations  of  the  bladder,  and  incontinence 
of  urine,  ele£lricity  has  been  found  highly  fer- 
viceable ;  and  perhaps  we  are  not  in  poITeffion  of 
a  diuretic  fuperior  to  eleftricity.  In  enlarge- 
ments of  the  proftrate  gland,  in  its  incipient  ftate, 
the  curved  glafs  rod  introduced  into  the  reftum, 

and 
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and  the  correfponding  difcharger  to  the  peri- 
npcum,  fliocks  may  eafily  be  direfted  through  it. 


Impotence. 


Perhaps  in  no  affe8ion  of  the  human  body  is 
the  influence  of  eleftricity  fo  remarkable  as  in 
this  difeafe:  the  languid  melancholy,  ftate  into 
which  the  whole  fyftem  is  thrown,  when  the  teftes 
perform  not  their  proper  funflion,  is  a  cafe  which 
frequently  occurs  to  every  praftitioner.  The 
patient  low,  nervous,  and  irritable,  fancies  he 
labours  under  every  difeafe  he  hears  mentioned; 
he  feems  equally  averfe  to  every  exertion,  as  well 
as  to  any  fexual  converfe ;  the  whole  frame  fym- 
pathifing  fo  powerfully  with  the  inaftive  ftate  of 
the  teftes,  itfelf  becomes  torpid.    In  this  cafe  the 
greatell  care  is  rcquifite  in  the  adminiftration  of 
eleftricity ;  the  form  in  which  it  is  beneficial  is 
by  an  uninterrupted  ftream  from  a  charged  bat- 
tery.   If  we  were  to  make  ufe  of  fliocks  through 
fo  delicately-conftruQed  glands  as  the  teftes,  we 
might  fubjeft  them  to  confidcrable  injury.  By 
fuch  a  gentle  and  continual  fl;imulus  the  teftes 
will  be  roufed  into  their  native  aftion,  the  proper 

fecretion 
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fecretion  will  take  place,  and  thus  the  languid 
ftate  of  the  whole  fyftem  removed. 

In  indurated  enlargements  of  the  teftes,  unat- 
tended with  any  inflammation,  gentle  fliocks  of 
ele£tricity  may  be  pafled  through  them ;  in  this 
cafe  the  teftes  are  no  ways  fo  fenfible  as  in  the 
former,  and  will  therefore  ^dmit  of  a  more  pow- 
erful aftion. 

In  gleets  we  are  told  that  eleftricity  has  fuc- 
ceeded  when  the  ufual  remedies  have  been  in 
vain  employed ;  whether  ftimulating  the  lining 
membrane  of  the  urethra  would  produce  the  ef- 
feft,  I  have  not  had  an  opportunity  of  deter- 
mining. 

In  obftinate  enlargements  of  the  ingrimal 
glands  I  have  fucceeded  in  producing  fuppura- 
tion,  when  no  change  was  induced  by  any  other 
kind  of  application. 

In  cafes  of  fterility  it  appears  to  mc  very  pro- 
bable that  the  ovaria  might  be  ftimulated  by  elec- 
tricity; alfo  by  pafling  gentle  fliocks  through  the 
uterus  and  the  cervix,  any  menfl;rual  fuppreflTiori 
or  excefs  of  fluor  albus  might  be  relieved.  In 
no  one  of  thefe  laft-mentioned  cafes  I  cannot 
affert  any  thing  praQically;  1  fliould  not  in  the 
lead  hefitate  in  the  adoption  of  fuch  a  plan. 

With  refpedt  to  lumbago,  fciatica,  and  rheu- 
matic affeftions,  we  are  not  in  pofleflion  of  a  re- 
medy that  produces  fo  quick  and  favourable 
change  in  thefe  coroplaims  as  eledlricity.  Many 

a  cafe 
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a  cafe  of  a  violent  rheumatic  attack  I  have  re- 
moved in  the  courfc  of  half  an  hour  by  eleBric 
friftions,  fucceeded  by  fome  powerful  fparks ; 
and  I  have  always  found  the  chronic  fciatica  to 
ultimately  yield  to  frequent  repetitions.  In 
thefe  cafes  it  is  requifite  that  an  excitement  (hould 
be  kept  up  for  a  confiderable  time.  Eledricity, 
at  the  leart,  ftould  be  applied  an  hour  each  time» 
and,  if  poffible,  be  repeated  twice  a  day ;  by 
thelc  means  a  conllant  adlion  would  be  kept  up, 
fo  neceffary  to  the  removal  of  the  rheumatic  af- 
feQion. 

In  fixed  and  obftinate  pains  of  the  joints,  fpaf- 
modic  contra6lion  of  the  mufcles,  the  rigidity 
fucceeding  a  gouty  attack,  violent  fprains  or 
bruifes  —  to  enumerate  every  particular  cafe  in 
nwhich  I.  have  fucceeded  with  eleQricity,  would 
fwcU  out  this  work  beyond  its  intended  limits. 
Thefe  are  the  meje  outlines  of  a  plan  which  I 
purpofe  hereafter  to  more  minutely  attend  to.  I 
have  requefted  many  of  my  medical  friends, 
who  are  in  the  habit  of  applying  eledricity,  to 
favour  me  with  every  cafe  worthy  of  notice  ;  and 
eomraunications  of  the  fame  kind  from  Grangers 
would  be  efteemed  a  favour.  By  thus  uniting 
the  obfervations  of  others  with  my  own,  we  may 
perhaps  be  hereafter  enabled  to  unfold  the  adion 
©.f  this  iiniverfal  principle  on  our  organization, 
and  reduce  the  fcience  of  medical  eieftricity  to 
ibme  fyllematic  order.    I  hope,  however,  I  fhall 

not 
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not  be  accufed  of  any  illiberal  prejudice  in  fe- 
rioufly  cautioning  every  perfon  who  may  be  in- 
duced to  make  trial  of  eleftricity,  that  fuch  be 
adminiftered  under  the  immediate  dire6lion  of  a 
regular  medical  charader.  The  application  of 
fo  important  an  agent  to  the  animal  economy 
fliould  not  be  left  to  the  difcretion  of  one  who 
only  comprehends  the  management  of  a  machine, 
no  more  than  the  treatment  of  a  ferious  difeafe 
fhould  be  confided  to  one  whofe  knowledge  is 
limited  to  the  mere  compounding  of  medicines. 

Mr.  Birch  and  Mr.  Hayes  are  the  only  medical 
perfons  who  have  philofophically  ftepped  forward 
to  refcue  this  valuable  principle,  in  a  medical 
point  of  view,  from  improper  hands.  Not  only 
this,  but  alfo  many  other  important  branches, 
which  ought  to  be  fuperintended  by  profeffional 
people,  are  unfortunately  conligned  to  mecha- 
nics, who  cannot  be  expefVed  to  be  enabled  to 
alleviate  the  fufFerings  of  any  one.  It  is  a  duty 
incumbent  on  the  Faculty,  it  is  a  call  upon  their 
humanity,  to  care  fully  fuperintend  every  de- 
rangement of  the  human  frame,  whether  it  be  a 
fimple  excoriation  of  the  {kin,  or  a  difeafe  that 
divides  the  thread  of  life. 
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Juji  publijhedy 
By  Sampson  Low,  Berwick  Street^  Soho, 
AN  ESSAY 

ON  THB 

DISTORTION  OF  THE  SPINE; 

Demonftrating,  on  Geometrical  Principles,  the 
In  efficacy  of  the  prefent  Mode  of  Treatment, 
and  defcribing  the  Conftruftion  of  fuch  Inftru- 
ments,  by  which  the  greateft  mechanical  Support 
can  be  produced : 

To  which  are  added,  Eflays  on  the  Motive 
Power  of  Animals,  the  Fallacy  of  the  Senfes, 
the  Cryftallization  of  Bodies,  and  the  Properties 

of  Matter. 

By  C.  Wilkinson. 

Specimens  of  Spinal  Machines  may  be  feen  at 
Mr.  Wilkinfon's  Houfe. 


fn  a  Jhort  Time  will  be  publijhed, 

AN  ESSAY 

ON 

Gravitation,  Chemical  Affinities^  and  Magnetijm, 

With  a  View  of  explaining  thefe  Phenomena  oa 
Mechanical  Principles. 

By  C.  WlLK,INSON. 

AIJq 


Alfo  nearly  prepared  for  the  Prefs^ 
By  C.  Wilkinson, 
AN   ESSAY   ON  HEAT, 

In  which  will  be  examined  the  different  The- 
ories of  Bacon,  Boyle,  Newton,  Halley,  Douglas, 
Martine,  Mortimer,  Buffon,  Marat,  Franklin, 
Black,  Stevenfon,  Cleghorn,  Irvine,  De  Liic, 
Crawford,  Morgan,  Elliott,  Lavoifier,  Cavendifli, 
and  Count  Rumford :  Being  an  Attempt  to  de- 
monftrate  that  all  the  different  States  in  which 
Heat  has  been  unfolded  by  thefe  Philofophers,  are 
explicable  on  the  fame  Principles  to  which  every 
Kind  of  Matter  is  amenable  : 

To  which  will  be  added,  Obfervations  on  the 
Graduations  of  Thermometers,  with  the  Account 
of  fome  Experiments,  which  evince  that  the  pre- 
fent  Thermometrical  Divifion  does  not  accurately 
exprefs  the  proportionate  Intenfities  of  Heat. 


MEDICAL 


MEDICAL  ELECTRICITY. 


iHE  beneficial  effeQs  which  have  been  expe- 
rienced by  the  application  of  eleftricity  in  va- 
riety of  difeafes,  render  it  neceflary  for  every 
praftitioner  to  medicinally  examine  this  pervad- 
ing principle. 

As  our  knowledge  of  this  branch  of  phiiofo-* 
phy  is  yet  in  its  infancy,  it  requires  the  united 
obfervations  of  many  individuals  before  its  in- 
fluence on  our  organization  can  be  well  afcer- 
tained.  Every  complaint  in  which  it  may  be 
advantageoufly  employed  fhould  be  accurately 
charaQerifed,  and  its  efFeft  in  every  ftage  of  the 
difeafe  carefully  ftated. 

With  fuch  a  profeffional  confideration,  Meflrs. 
Wilkinson  and  Rees,  Surgeons,  have  fitted 
up  at  their  houfe.  No.  lo  and  ii,  Leicefter 
Street,  Leicefter  Square,  an  appropriate  and  ex- 
tenfive  apparatus. — By  employing  eleftricity  on 
fo  large  a  fcale,  they  flatter  themfelves,  they  fliall 
hereafter  be  enabled  to  make  fome  ufeful  in- 
ferences. 

Every 
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Every  cafe  they  purpofe  to  accurately  mark 
down,  to  obferve  the  ftated  periods  when  any 
efFetls  are  induced,  the  degree  of  power  em- 
ployed, and  the  requifite  time  for  its  application 
particularifed. 

To  accommodate  thofe  who  prefer  the  admi- 
niftration  of  eleftricity  at  their  own  houfes, 
Meflrs.  W.  and  R.  have  arranged  a  number  of 
portable  eleftric  machines,  which  they  equally 
fuperintend. 


FINIS. 


